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EXECUTIVE  SUMMARY 


The  purpose  of  this  study  was  to  investigate  the  subsurface  geotech- 
nical  conditions  across  the  Richmond  District  of  San  Francisco  in  order  to 
recommend  the  most  favorable  alternative  route  for  the  proposed  Transport 
Sewer.  This  report  also  provides  the  data  and  discussion  of  the  geotechnical 
conditions  which  will  be  encountered  during  construction  of  the  sewer. 

The  proposed  Richmond  Transport  Sewer  will  upgrade  the  existing  sewer 
system  which  has  insufficient  capacity  to  handle  the  wet-weather  flow, 
resulting  in  untreated  sewage  overflowing  directly  into  the  ocean.  The 
proposed  sewer  will  be  of  sufficient  capacity  to  transport  the  sewage  to  the 
treatment  plant,  reducing  the  number  of  overflows  into  the  ocean  and  enabling 
the  City  to  meet  the  guidelines  for  water  quality  which  are  presently  being 
reviewed  by  regulatory  boards. 

The  results  of  the  geotechnical  investigation  and  route  selection  study 
indicate  that  construction  of  the  proposed  Richmond  Transport  Sewer  is 
feasible.  In  particular,  the  investigation  and  route  selection  studies  show 
the  Preferred  Route  through  the  Northern  Corridor  with  the  eastern  terminus 
at  the  Lobos  Creek  area  of  the  Presidio  to  be  the  most  beneficial  with 
respect  to  cost  and  construction  feasibility,  and  to  have  the  least  potential 
construction  impact  on  the  neighborhood. 

The  seismic  analyses  indicate  that  in  the  event  of  strong  earthquake 
shaking  there  is  low  to  moderate  risk  of  damage  in  certain  localized  areas 
along  the  alignment  of  the  proposed  sewer.  No  active  faults  have  been 
identified  in  the  project  area,  and  distortion  or  rupture  of  the  sewer  by 
fault  displacement  is  considered  very  remote.  It  is  our  opinion  that  any 
adverse  effects  can  be  mitigated  by  consideration  during  design. 

An  environmental  impact  study  for  the  proposed  sewer  project  may  have 
an  effect  on  the  preferred  alignment  as  developed  during  this  geotechnical 
investigation. 

On  the  basis  of  the  geotechnical  data  obtained  for  this  study  three 
alternative  route  corridors  were  chosen  and  the  comparative  benefits  of  each 
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corridor  were  analyzed.  The  investigation  and  route  selection  study  con- 
cluded that  the  Preferred  Route  through  the  northern  portion  of  the  Richmond 
District  and  through  Lincoln  Park  to  be  the  most  beneficial  with  respect  t  ) 
cost,  engineering,  and  construction  feasibility.  The  studies  presented  in 
Appendix  B,  Route  Selection  by  Computer  Modeling  (GIMS),  and  Appendix  C, 
Construction  Feasibility/Preliminary  Cost  Estimate,  both  concluded  that  the 
most  suitable  route  for  the  tunnel  should,  where  possible,  be  mined  in  rock, 
rather  than  in  soil,  and  should  follow  an  alignment  under  undeveloped  park 
land  as  opposed  to  residential  areas. 

The  Preferred  Route  has  a  total  alignment  of  about  11,100  feet  and 
the  principal  engineering  feature  along  the  route  is  the  construction  of  a 
9,100  foot  long  tunnel,  of  which  about  7,900  feet  would  be  in  rock  and  about 
1,200  would  be  in  soil.  The  sewer  would  pass  under  the  Sutro  Heights 
Park,  Lincoln  Park,  and  the  Seacliff  area  as  shown  on  Plate  1.  In  the 
Seacliff  area,  where  the  tunnel  transitions  from  rock  into  soil,  the  Pre- 
ferred Alignment  runs  beneath  El  Camino  del  Mar,  with  the  eastern  portal  at 
the  Lobos  Creek  area  of  the  Presidio.  The  western  tunnel  portal  would  be 
located  in  the  base  of  the  bluffs  at  Sutro  Heights  Park.  Along  the  Great 
Highway  about  2,000  feet  of  cut-and-cover  construction  is  required  to  com- 
plete the  sewer  between  the  Sutro  Heights  Park  and  the  project  limits  at 
Fulton  Street.  Considering  the  possible  corridors,  it  is  our  opinion  the  the 
Preferred  Route  has  the  least  potential  construction  impact  on  private  and 
public  structures,  and  the  residents  and  businesses  of  the  Richmond  District. 
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FINAL  REPORT 
GEOTECHNICAL  INVESTIGATION 
ROUTE  SELECTION  STUDY 
RICHMOND  TRANSPORT  SEWER 
SAN  FRANCISCO,  CALIFORNIA 

1.0  INTRODUCTION 

1 . 1  General 

This  report  presents  the  results  of  the  Final  Geotechnical  Investiga- 
tion (Phase  III)  for  the  proposed  Richmond  Transport  Sewer.  It  incorporates 
the  findings  of  both  the  Preliminary  Areal  Study  (Phase  I)  dated  May  20, 
1978  and  the  Alternative  Route  Study  (Phase  II)  dated  October  17,  1978.  The 
maps  and  subsurface  sections  presented  in  the  two  preliminary  reports 
have  been  revised  for  the  final  report,  and  therefore,  neither  the  Phase  I 
nor  Phase  II  reports  are  needed  for  an  understanding  of  this  report. 

Attached  to  this  report  are  four  appendices.  Appendix  A  presents  a 
detailed  description  of  each  rock  and  soil  type  discussed  in  the  text, 
together  with  a  description  of  the  field  explorations  and  laboratory  testing 
programs.  The  boring  logs  and  test  results  are  also  presented  in  Appendix 
A.  Appendix  B  is  a  route  selection  study  conducted  by  computer  modeling. 
Appendix  C  presents  a  discussion  of  construction  feasibility  of  the  alter- 
native routes,  and  presents  an  estimate  of  the  comparative  construction 
costs.  The  seismic  analyses  as  related  to  the  design  and  construction  of  the 
sewer  are  presented  in  Appendix  D. 

The  study  area,  which  is  shown  on  the  Site  Plan,  Plate  1,  covers 
the  western  portion  of  the  Richmond  District  of  San  Francisco.  All  of  the 
region  from  Golden  Gate  Park  north  to  the  Pacific  Ocean  and  from  17th  Avenue 
west  to  the  Great  Highway  is  included.  Also  included  is  all  of  Lincoln  Park 
and  Fort  Miley,  a  portion  of  the  Golden  Gate  National  Recreation  Area, 
(GGNRA)  and  a  portion  of  the  U.S.  Army  Presidio  in  the  vicinity  of  Lobos 
Creek. 

1 . 2  Purpose  of  the  Investigation 

The  purpose  of  the  investigation  was  to  provide  recommendations  for  the 
most  favorable  route  for  the  Transport  Sewer  from  the  geotechnical  standpoint 
and  to  provide  geotechnical  parameters  for  the  design  of  the  sewer.  To  this 
end,  the  three  phases  of  the  investigation  were  conducted  as  follows: 


Phase  I:  To  provide  general  areal  information  as  to  the  subsurface 
soil  and  geologic  conditions  throughout  the  study  area  and 
identify   favorable    corridors    for    the    sewer  alignment; 

Phase  II:  To  provide  additional  studies  as  necessary  to  compare  the 
various    corridors    and    select    a    single    "preferred"  route; 

Phase  III:  To  perform  additional  final  studies  to  provide  specific 
information  on  subsurface  soil  and  geologic  conditions  along 
the  "preferred"  route,  with  a  discussion  of  the  route 
selection  process,  construction  conditions  and  suggested 
construction  procedures  for  the  various  subsurface  condi- 
tions found  in  the  study  area. 

Also  included  in  the  Phase  III  report  is  a  seismic  study,  which  discusses  the 
regional  seismicity  and  seismic  risk  at  the  site,  the  site  response  to 
earthquake  motion,  the  possibility  of  liquefaction  occurring  at  the  site, 
tunnel  response  and  modes  of  damage  which  may  occur,  and  general  design 
measures  to  mitigate  such  damage. 

Additional  portions  of  the  geotechnical  investigation  to  be  presented 
as  future  supplements  to  this  report  are: 

1)  Consultation  during  design  of  the  sewer  to  provide  specific 
geotechnical  design  parameters  as  the  route,  the  method  of  con- 
struction and  contracting,  and  final  design  configuration  are 
finalized . 

2)  An  engineer's  cost  estimate,  to  be  made  as  the  sewer  design  is 
completed . 

1.3    Proposed  Construction 

The  proposed  Transport  Sewer  will  collect  the  combined  sewage  and 
stormwater  from  the  northeastern  half  of  the  study  area  and  transport  the 
flow  to  the  southwest  corner  of  the  study  area.  As  shown  by  the  surface 
contours  on  the  Site  Plan,  Plate  1,  surface  drainage  is  roughly  divided 
across  the  study  area  by  a  northwest-southeast  trending  topographic  ridgeline 
running  through  George  Washington  High  School.  The  proposed  Transport  Sewer 
would  carry  nearly  all  of  the  stormwater  runoff  and  sewage  originating  north 
and  east  of  this  divide,  thereby  replacing  several  existing  outfalls  in  the 
Lobos  Creek  and  Seacliff  neighborhoods  and  a  smaller  diameter  transport  sewer 
tunnel  constructed  in  1938. 
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The  western  terminus  of  the  Transport  Sewer  has  been  fixed  by  the  City 
at   the   intersection  of   Fulton   Street   and   the  Great  Highway,   where   it  would 

•k 

join  the  Westside  Transport  Sewer  at  an  invert  elevation  of  about  zero. 
Location  of  the  eastern  terminus  was  not  specified,  however  most  of  the  large 
collector  sewers  with  which  the  Transport  Sewer  must  connect  are  located 
under  Lake  Street,  north  of  Lobos  Creek,  and  under  the  Seacliff  neighborhood 
as  shown  on  Figure  2  of  Appendix  C.  The  gradient  of  the  proposed  sewer  was 
nominally  set  by  the  City  at  0.002,  however  it  is  our  understanding  that 
there  is  some  flexibility  to  this  value.  The  elevation  of  the  Transport 
Sewer  must  meet  the  constraints  of  a  western  terminus  at  Fulton  Street 
and  the  Great  Highway  at  Elevation  zero,  and  a  maximum  starting  elevation 
limited  by  the  elevation  of  the  existing  collector  sewers  which  would  feed 
it.  Depending  upon  the  location  of  the  eastern  terminus,  and  the  route 
chosen,  the  sewer  could  be  from  about  9,800  to  15,000  feet  long. 

Within  these  limits,  most  of  the  sewer  profile  will  be  located  well 
below  the  ground  surface  and  will  therefore  be  a  mined  tunnel  regardless  of 
the  route  selected.  Near  the  western  end,  and  possibly  the  eastern  end  as 
well,  depending  upon  the  route  chos  en,  the  sewer  will  be  at  shallower  depths 
making  cut-and-cover  construction  practical. 

At  the  present  time  the  existing  combined  sewage  is  transported  under 
the  topographic  ridgeline  by  the  6  foot  horseshoe-shaped  Richmond-Sunset 
Sewer  Tunnel  constructed  in  1938  (Plate  2).  This  tunnel  is  of  insufficient 
capacity  to  carry  the  combined  flow  during  periods  of  heavy  rainfall,  where- 
upon overflow  occurs,  resulting  in  the  discharge  of  raw  sewage  into  the  ocean 
through  several  existing  outfalls. 

The  diameter  of  the  proposed  Transport  Sewer  is  contingent  upon  the 
number  of  overflows  which  may  be  permitted  each  year.  At  the  present  time 
the  question  of  how  many  overflows  may  occur  is  still  under  consideration  by 
regulatory  and  review  agencies;  however,  it  is  expected  that  possibly  as  many 
as  eight  overflows  may  be  allowed  each  year.  The  original  design  assumption 
was  based   on  one   overflow  and   a   sewer   diameter   of    15   feet.      This  may  be 


*A11  elevations  in  this  report  are  in  feet  and  refer  to  the  City  and  County 
of  San  Francisco  datum,  which  is  8.616  feet  above  Mean  Sea  Level. 
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revised  downward  to  a  diameter  of  between  about  9  and  13  feet  depending  on 
the  number  of  overflows  allowed. 

An  environmental  impact  study  currently  being  prepared  by  others  may 
have  a  potential  effect  on  the  alignment  of  the  proposed  sewer. 

1 .A    Methods  of  Investigation 

1.4.1  General 

Several  different  methods  of  investigation  were  utilized  to  obtain 
information  about  the  subsurface  conditions  throughout  the  study  area  and 
to  compare  the  various  possible  routes.  Working  closely  together  were 
the  geotechnical  disciplines  of  soil  mechanics,  earthquake  engineering,  and 
geology;  working  semi-independently  were  the  disciplines  of  computer  modeling 
and  construction  feasibility/cost  estimating.  Preliminary  results  were  given 
to  the  City  at  several  meetings  held  during  the  course  of  the  study  and  in 
the  Phase  I  and  Phase  II  preliminary  reports. 

Dames  and  Moore  was  assisted  in  the  soils  and  geological  investigations 
by  Logistics  International  Consultants  of  San  Francisco  and  PSC  Associates, 
Inc.  of  Mountain  View.  Engineering  geologists  from  these  firms  worked  with 
Dames  and  Moore  in  the  geological  mapping,  logging  of  the  test  borings, 
laboratory  testing,  and  in  preparation  of  report  plates. 

1.4.2  Subsurface  Soils  Investigation 

Information  about  the  subsurface  soils  and  ground  water  conditions  was 
obtained  by  a  literature  search  for  existing  soils  data,  and  by  a  field 
investigation  which  consisted  of  drilling  33  small-diameter  test  borings  at 
the  locations  shown  on  the  Site  Plan,  Plate  1.  The  borings  were  advanced  by 
conventional  rotary-wash  drilling  methods  using  a  biodegradable  (Revert) 
drilling  fluid.  In  all  cases,  except  Borings  17,  32,  and  33,  the  borings 
were  drilled  to  a  depth  of  approximately  one  tunnel  diameter  or  more  below 
the  proposed  tunnel  invert  level,  and  a  standpipe  piezometer  was  installed  to 
permit  long  term  measurement  of  the  ground  water  level. 

Disturbed  and  undisturbed  soil  samples  recovered  from  the  test  borings 
were  examined  and  classified  visually,  and  selected  samples  were  subjected  to 
laboratory  testing  for  classification,  strength,  permeability  and  swelling 
behavior.  Much  of  the  drilling  was  through  rock  strata  and  a  significant 
footage  of  rock  was  cored  using  diamond-bit  core  barrels.     A  more  detailed 
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description  of  the  field  explorations  together  with  the  Logs  of  Borings  and 
laboratory  test  data  are  presented  in  Appendix  A. 

1.4.3  Geological  Investigation 

The  geological  investigation  evaluated  both  the  regional  and  the  site 
geology.  An  extensive  literature  search  was  performed  in  which  existing 
geological  reports,  as  well  as  available  accounts  of  the  construction  of 
several  tunnels  in  San  Francisco  ,  were  studied. 

A  field  study  was  carried  out  which  consisted  of  reconnaissance  map- 
ping of  all  bedrock  outcrops  found  within  the  study  area  and  detailed  mapping 
of  exposures  along  the  coastline  from  former  Playland-At-The-Beach  area 
to  Bakers  Beach.  The  field  studies  were  supplemented  by  examination  of 
available  aerial  photographs  and  logs  of  the  rock  core  recovered  from  the 
test  borings.  To  help  infer  the  nature  of  the  geologic  structure  between 
test  borings,  a  limited  magnetometer  survey  was  performed  in  Lincoln  Park. 
Geophysical  surveys  were  not  performed  outside  of  the  park  because  it 
was  concluded  that  interference  from  traffic  "noise",  underground  utilities, 
and  pavement  would  preclude  acquisition  of  reliable  data  for  interpretation. 
Where  appropriate,  the  regular  Log  of  Boring  in  Appendix  A  is  followed  by  a 
special  Geologic  Log  which  provides  a  detailed  description  of  the  rock  types 
encountered  and  their  structural  properties. 

1.4.4  Route  Selection  by  Computer  Modeling 

Route  selection  by  computer  techniques  was  also  employed  as  part  of  the 
investigation,  using  Dames  &  Moore's  Geographic  Information  Management 
System  (GIMS).  The  GIMS  analysis  was  an  office  study  conducted  independ- 
ently of  the  subsurface  geotechnical  study.  The  technique  used  is  commonly 
called  computerized  overlay  suitability  mapping,  and  the  basic  steps  are  as 
follows : 

1)  Subdivide  a  base  map  of  the  subject  area  into  a  large  number  of 
small  cells. 

2)  Identify  the  issues  of  concern  for  route  selection.  In  this 
study  the  issues  identified  were:  land  use,  cost  of  construction 
(soil  or  rock  type  to  be  excavated),  and  cover  impact  (depth  and 
type  of  cover  over  the  tunnel). 
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3)  Compile  all  source  data  necessary  for  the  study,  such  as  ground 
surface  elevation,  distribution  of  soil  types,  and  types  of  land 
use . 

4)  Assign  the  source  data  to  each  cell  to  produce  source  data  maps. 
Combine  various  source  maps  or  modify  the  data  as  needed  to 
produce    derived    maps    directly   depicting    each    issue    of  concern. 

5)  Apply  a  weighting  value  to  each  data  category  based  on  the  feasi- 
bility or  desirability  for  tunnel  construction,  to  produce  issue 
maps . 

6)  By  computer  overlay  methods,  sum  all  of  the  issue  maps,  cell  by 
cell,  and  compute  the  route  having  the  lowest  combined  resistance. 

A  significant  feature  of  the  GIMS  approach  is  that  the  relative  values 
or  weights  assigned  to  the  selection  criteria  and  to  the  issue  maps  may  be 
easily  adjusted  to  check  the  sensitivity  of  the  computed  optimum  route  to  the 
input  data.  Thus,  for  example,  the  relative  desirability  of  locating  the 
tunnel  beneath  a  street  versus  locating  the  tunnel  beneath  private  property 
could  be  adjusted  on  a  scale  of  0  to  9.  In  a  like  manner  the  relative 
weights  of  say,  the  land-use  issue  map  versus  the  cost-of-construction  issue 
map  could  be  adjusted.  A  detailed  description  and  the  results  of  the  GIMS 
analysis  is  included  as  Appendix  B  to  this  report.  The  results  of  the  study 
are  presented  on  Plates  B-l  through  B-3. 

1.4.5  Investigation  of  the  Comparative  Costs  and 

Construction  Feasibility 

Comparison  of  alternative  routes  was  also  made  by  evaluating  con- 
struction feasibility  and  estimating  comparative  construction  costs.  Using 
information  obtained  during  the  subsurface  explorations,  our  consultants, 
PBQ&D  Inc.,  performed  this  study  independently.  The  results  are  presented  in 
their  report,  Construction  Feasibility  and  Comparative  Cost  Estimates, 
attached  as  Appendix  C  to  this  report. 

1.4.6  Seismic  Investigation 

The  seismic  analysis  was  undertaken  to  evaluate  a)  the  magnitude  and 
probability  of  strong  ground  shaking  which  might  occur  as  a  result  of  a 
nearby  earthquake  during  the  life  of  the  structure,  and  b)  the  ground  and 
tunnel  response  which  would  be  expected  from  such  ground  shaking. 
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The  regional  seismicity  and  seismic  risk  at  the  site  were  evaluted  by 
first  preparing  maps  of  all  major  active  faults  and  epicentral  locations  of 
recorded  earthquakes  near  the  study  area,  based  upon  published  literature. 
Secondly,  a  computerized  statistical  analysis  was  used  to  evaluate  the 
probability  that  specific  levels  of  shaking  would  occur  within  two  selected 
time  periods. 

The  analysis  of  site  response  to  ground  shaking  was  based  upon  a 
literature  search  to  review  how  other  sites  with  similar  soil  conditions 
had  behaved  during  past  earthquakes,  and  upon  a  method  of  wave  propagation 
analysis  developed  at  the  University  of  California  at  Berkeley.  Four  dif- 
ferent subsurface  profiles  were  used  to  model  the  range  of  typical  site 
conditions.  Appropriate  soil,  rock  and  ground  water  parameters  for  the  wave 
propagation  analysis  were  selected  from  data  obtained  during  the  geotechnical 
investigations  and  supplemented  by  data  from  subsurface  investigations 
performed  by  others. 

As  part  of  the  site  response  studies,  an  analysis  was  made  of  the 
potential  for  soil  liquefaction  during  ground  shaking.  This  analysis  was 
based  upon  the  results  of  dynamic  triaxial  tests  of  sand  samples  obtained 
during  the  subsurface  soils  investigation  and  also  upon  a  method  of  lique- 
faction analysis  developed  at  the  University  of  California  at  Berkeley  which 
uses  the  penetration  resistance  (blow  count)  of  the  soils  recorded  during  the 
test  boring  program.  This  analysis  was  supplemented  by  a  literature  review, 
including  observations  of  the  study  area  made  during  and  just  after  the  1906 
earthquake . 

The  final  portion  of  the  seismic  study  is  concerned  with  structure 
response  to  ground  shaking.  As  there  are  few  analytical  methods  available  to 
theoretically  evaluate  the  response  of  buried  structures  to  earthquakes, 
particularly  in  rock,  this  section  is  based  primarily  on  published  accounts 
of  the  performance  of  other  tunnels  during  past  earthquakes. 

The  results  of  the  seismic  study  are  summarized  in  Section  3.0. 
Details  of  the  analyses,  the  methods  and  assumptions  used,  and  the  test 
results  are  presented  as  Appendix  D  to  this  report. 
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1.4.7  Consultation 

Consultation  regarding  construction  feasibility  and  engineering  geology 
has  been  provided  by  Dr.  Tor  L.  Brekke  of  Berkeley,  California,  a  noted 
expert  on  tunnel  design  and  construction.  Dr.  Brekke  reviewed  the  progress 
of  the  geological  reconnaissance  at  several  stages  and  made  recommendations 
for  areas  of  further  studies  and  methods  of  data  presentation.  He  has 
also  offered  valuable  insight  on  construction  methods  and  feasibility, 
particularly  stressing  the  importance  of  implementing  suitable  contract 
procedures  which  will  best  serve  both  the  City  and  the  Contractor. 
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2.0  SITE  CONDITIONS 

2. 1  Surface  Conditions 

The  major  portion  of  the  study  area  in  the  Richmond  District  is  fully 
developed  for  residential  use,  with  some  light  commercial  businesses  such  as 
retail  stores  and  service  stations.  Locations  of  six  public  schools  and  one 
private  school  are  shown  on  the  Site  Plan,  Plate  1.  Virtually  no  undeveloped 
private  land  exists,  except  along  the  Great  Highway  north  of  Fulton  Street 
which  is  the  former  site  of  Playland-At-The-Beach. 

As  shown  on  the  Site  Plan,  portions  of  the  study  area  are  park  or 
military  lands.  These  areas  have  several  significant  structures,  notably 
the  Palace  of  the  Legion  of  Honor  in  Lincoln  Park  and  the  Veteran's  Admin- 
istration Hospital  complex  in  Fort  Miley.  The  only  significant  structures 
in  the  portion  of  Golden  Gate  Park  within  the  study  area  are  a  police  station 
at  37th  Avenue  and  a  sewage  pump  station  at  48th  Avenue. 

The  surface  elevations  throughout  the  study  area  are  indicated  by  the 
contours  on  Plate  1,  which  show  the  maximum  elevation  of  about  +370  feet  in 
Lincoln  Park,  and  the  topographic  ridgeline  trending  northwest-southeast 
through  the  campus  of  George  Washington  High  School  and  across  Lincoln 
Park.  At  Fulton  Street  and  the  Great  Highway,  the  elevation  is  about  +12 
feet. 

There  are  no  existing  surface  streams  or  lakes  in  the  study  area  except 
Lobos  Creek  in  the  Presidio.  All  storm  runoff  is  handled  by  surface  infil- 
tration and  the  combined  sewer  system,  except  along  the  northern  bluffs  which 
drain  directly  into  the  Pacific  Ocean. 

2.2  Subsurface  Soil  Conditions 

With  minor  exceptions,  the  subsurface  soils  overlying  bedrock  can  be 
classified  into  two  main  types,  dune  sand  and  Colma  Formation  sand.  These 
soil  types  cover  virtually  the  entire  study  area.  Other  soil  types,  occur- 
ring sporadically  or  in  localized  areas  include  beach  sand,  clayey  marsh 
or  lagoon  deposits,  colluviura  or  slope  wash,  manmade  fill,  and  mixed  stream- 
bed  deposits.  A  detailed  description  of  each  of  the  soil  types  is  given  in 
Appendix  A.  Grain-size  distribution,  permeability,  strength,  and  classi- 
fication test  results  on  dune  and  Colma  sands  are  presented  in  Appendix  A 
together  with  the  Log  of  Borings. 
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The  overall  depth  of  soil  may  be  estimated  from  Plate  2  which  shows 
the  ground  surface  elevation  and  contours  of  the  estimated  elevation  of  the 
bedrock  surface.  Plate  3  shows  the  contours  of  the  estimated  elevation  of 
the  bottom  of  the  dune  sand.  Plate  3  may  also  be  taken  to  approximate  the 
upper  surface  of  the  Colma  Formation,  since  in  general  the  dune  sand  directly 
overlies  the  Colma  sand  except  where  the  Colma  sand  is  not  present;  in  this 
case   the   dune   sand   directly  overlies   bedrock  or  colluvium-covered  bedrock. 

Dune  sand  is  a  uniform,  fine-grained  clean  sand,  deposited  by  wind. 
Except  for  a  few  isolated  outcrops  of  Colma  sand  and  bedrock,  dune  sand 
constitutes  the  surficial  soils  over  the  entire  site  and  ranges  from  a  few 
feet  to  over  one  hundred  feet  in  thickness.  As  encountered  in  the  borings 
the  dune  sand  is  generally  medium  dense  to  dense. 

The  Colma  sand  underlies  the  dune  sand.  Occasionally,  thin  clayey 
marsh  deposits  are  interposed  between  the  dune  and  Colma  sands.  Colma  sand 
is  fine-grained,  but  unlike  the  dune  sand,  generally  has  a  silt  binder  which 
imparts  some  cohesion.  Colma  sand  is  generally  dense  to  very  dense  and  weak 
cementation  by  iron  oxide  occurs  locally.  The  contact  between  the  Colma 
sand  and  underlying  bedrock  is  commonly  marked  by  clay-rich  colluvial  de- 
posits . 

The  occurrence  of  dune  and  Colma  sands  and  colluvium  is  generalized  on 
the  Subsurface  Sections,  Plates  5B  through  5G,  all  of  which  have  an  exag- 
gerated vertical  scale.     The  locations  of  the  sections  are  shown  on  Plate  5A. 

2.3    Ground  Water 

Plate  4  shows  the  estimated  elevation  contours  of  the  ground  water 
surface.  In  preparation  of  the  map,  the  water  level  readings  taken  from  the 
test  borings  were  supplemented  by  historical  data  contained  in  a  1913  report 
by  the  City  of  old  water  wells  drilled  in  the  study  area  (0 '  Shaughnessy , 
1913).  This  report  is  a  comprehensive  collection  of  data  from  all  wells  that 
existed  in  the  City  and  County  of  San  Francisco  in  1913.  In  addition,  a 
limited  amount  of  ground  water  data  was  obtained  from  records  of  borings  by 
others,   and  accounts   of   the  construction  of  the  Mile  Rock  Sewer  Tunnel  and 
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the  Richmond-Sunset  Sewer  Tunnel  (Taylor,  1916;  Rothschild,  1938).  The 
locations  of  these  tunnels  are  shown  on  Plate  2. 

The  water  level  measured  in  most  of  the  test  borings  has  varied  from  a 
few  inches  to  a  few  feet  since  installation,  and  where  appropriate,  more  than 
one  level  is  shown  on  the  Log  of  Boring  to  indicate  the  range  of  variation. 
Along  the  Great  Highway  it  is  possible  that  the  ground  water  level  will 
exhibit  a  small  daily  fluctuation  due  to  tidal  influence. 

On  the  basis  of  the  water  level  readings  and  available  literature,  it 
appears  that  the  water  table  throughout  the  study  area  is  relatively  stable. 
About  two-thirds  of  the  developed  area  is  paved  or  covered  by  structures  and 
thus  unavailable  for  rain  water  infiltration.  There  are  relatively  few  wells 
in  the  study  area  and  these  are  located  in  the  Presidio  near  Lobos  Creek 
(domestic  water  supply),  and  in  Golden  Gate  Park  near  the  north  windmill  (for 
irrigation).  No  private  wells  are  currently  known  to  be  operating  in  the 
study  area. 

An  anomaly  has  been  recorded  in  Boring  13  at  the  Palace  of  the  Legion 
of  Honor.  At  this  location,  a  perched  water  table  in  the  soils  over  bedrock 
was  measured  at  elevation  +333  feet,  and  a  lower  water  table  deep  in  the 
bedrock  was  measured  at  elevation  +93  feet.  None  of  the  other  test  borings 
have  recorded  water  levels  corresponding  to  the  lower  water  level  in  Boring 
13,  thus  the  extent  of  this  perched  condition  is  not  known.  If  an  extensive 
area  is  involved,  the  lower  water  table  would  be  beneficial  for  tunnel 
construction.  However,  because  of  the  highly  jointed  nature  of  most  of 
the  bedrock  encountered,  it  is  our  recommendation  that  the  presence  of  a 
lower  water  table,  hydraulically  isolated  from  the  surface,  should  not  be 
relied  upon  beyond  the  immediate  vicinity  of  Boring  13. 

On  the  basis  of  the  rock  core  recovered  for  this  investigation,  it  is 
our  opinion  that  the  bedrock  contains  relatively  little  water  as  compared  to 
the  soil  above  it.  This  conclusion  is  supported  by  0' Shaughnessy 1 s  1913 
report  where  it  was  recorded  that  many  attempts  to  drill  water  wells  in 
the  bedrock  have  been  made  in  San  Francisco,  but  rarely  have  worthwhile 
quantities  of  water  been  obtained.  None  of  the  rocks  of  the  Great  Valley 
Sequence    or   Franciscan  Assemblage    are   very   porous.      The   great   number  of 
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sheared  and  fractured  zones  which  have  been  encountered  probably  contain  most 
of  the  water  to  be  found  in  the  bedrock.  Other  tunnels  constructed  in  San 
Francisco  have  experienced  localized  substantial  inflows  of  water  when  such 
zones  were  encountered. 

2.4    Regional  Geology 

The  study  area  lies  in  the  Coast  Ranges  Geologic  Province  of  California. 
Two  main  bedrock  units  have  been  distinguished  in  this  zone:     the  Franciscan 
Assemblage  and  the  Great  Valley  Sequence.     Both  units  are  Jurassic  to  Creta- 
ceous in  age  (about  90  to  180  million  years  old). 

The  Franciscan  Assemblage  in  most  localities  is  composed  of  north  to 
west-northwest  trending  lithologic  belts.  These  belts  are  generally  charac- 
terized by  the  following  rock  assemblages  (detailed  descriptions  of  each  rock 
type  are  presented  in  Appendix  A) : 

1)  moderately  well-bedded  graywacke  (a  type  of  sandstone)  and  shale 
with  minor  interbedded  chert  and  volcanic  rock; 

2)  metamorphosed  graywacke,  chert  and  greenstone  with  associated  faint 
to  strong  development  of  a  metamorphic  fabric; 

3)  massive  arkosic  (feldspar-rich)  sandstone  and  shale;  and 

4)  melanges  composed  of  a  mixture  of  graywacke,  greenstone,  chert, 
serpentine  and  metamorphic  inclusions  in  a  matrix  of  sheared  shale 
(Bailey  and  others,  1964;  Berkland  and  others,  1972;  Blake  and 
Jones,  1974). 

These  lithologic  belts  are  commonly  fault  bounded  and  exhibit  substantial 
lateral  variation  in  lithology,  mineralogy  and  structure.  For  these  reasons 
strict  correlation  among  exposures  of  the  Franciscan  is  generally  not  possi- 
ble. Many  authors,  however,  have  divided  the  Franciscan  into  major  geographic 
belts  based  on  similarities  in  lithology  or  structure,  or  both  (Bailey  and 
Irwin,  1959;  Berkland  and  others,  1972).  On  this  basis,  geographically,  the 
study  area  lies  in  the  Coastal  Belt  which  is  characterized  by  massive  gray- 
wacke with  minor  shale  and  very  rare  greenstone  and  chert;  lithologically 
however,  the  rocks  of  the  study  area  more  closely  resemble  those  of  the 
Central  Belt  in  that  shale  matrix  melange,  greenstone  and  thrust  sheets  occur 
commonly. 
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Rocks  of  the  Franciscan  Assemblage  were  deposited  in  a  marine  environ- 
ment along  the  western  portion  of  the  North  American  Plate.  The  graywacke 
and  interbedded  siltstone  and  shale  represent  deposition  by  turbidity 
currents  on  the  continental  slope  and  rise.  Regions  where  graywacke s  pre- 
dominate probably  represent  inner  (proximal)  fan  and  channel  deposits. 
Interbedded  siltstone  and  shale  deposits  probably  represent  outer  (distal) 
fan  deposits.  Alternating  sequences  of  massive  graywacke  and  interbedded 
graywacke,  shale  and  siltstone  represent  the  migration  of  the  channel  across 
the  fan.  Chert  is  generally  deposited  in  quiet,  deep  ocean  basins,  somewhat 
isolated  from  the  influx  of  continent  derived  debris.  In  the  Franciscan, 
however,  chert  was  often  deposited  in  association  with  the  eruption  and 
intrusion  of  lavas  and  sills  which  were  subsequently  altered  to  greenstone. 

Three  features  of  the  Franciscan  Assemblage  suggest  that  deposition 
of  these  rocks  was  intimately  associated  with  tectonic  activity:  1)  the  lack 
of  coherent  stratigraphy;  2)  the  presence  of  extensive  shear  zones;  and  3) 
the  occurrence  of  blueschist  grade  metamorphism.  The  exact  nature  of  this 
tectonic  activity  is  not  certain.  Possibilities  are:  1)  subduction  (the 
underthrusting  of  one  crustal  plate  beneath  another,  resulting  in  increased 
temperature  and  pressures),  suggested  by  the  occurrence  of  blueschist  facies 
metamorphism;  2)  strike-slip  faulting,  suggested  by  current  plate  motions; 
and  3)  oblique  subduction,  which  combines  elements  of  the  first  two  possibil- 
ities . 

The  Great  Valley  Sequence  is  composed  of  interbedded  shale,  silt- 
stone, sandstone,  and  conglomerate.  These  rocks  are  well  bedded  and,  on  a 
regional  scale,  shale  is  more  prevalent  than  sandstone.  Sedimentary  struc- 
tures such  as  graded  bedding,  sole  markings  and  flute  casts  suggest  that 
these  rocks  were  deposited  by  turbidity  currents  on  a  continental  slope 
(Blake  and  Jones,  1974).  The  main  features  of  the  rocks  of  the  Great  Valley 
Sequence  which  can  be  used  to  distinguish  them  from  the  rocks  of  the  Fran- 
ciscan Assemblage  are:  1)  the  greater  continuity  of  beds;  2)  the  relative 
lack  of  deformation  and  metamorphism;  3)  the  lower  sandstone  to  shale  ratio; 
and  4)  the  relative  enrichment  in  potassium  feldspar  (Bailey  and  others, 
1964;  Blake  and  Jones,  1974). 
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The  Great  Valley  Sequence  was  deposited  in  a  tectonically  quieter 
environment  than  the  Franciscan,  which  resulted  in  its  greater  continuity  of 
bedding  and  its  relative  lack  of  deformation. 

During  the  interval  between  Cretaceous  and  Quaternary  time  the  Great 
Valley  Sequence  is  generally  interpreted  to  have  been  emplaced  over  the 
Franciscan  Assemblage  along  a  low  angle,  east  dipping  thrust  fault  (Bailey 
and  others,  1964;  Ernst,  1970;  Hsu,  1971;  Berkland  and  others,  1972;  Suppe, 
1973;  Blake  and  Jones,  1974),  known  as  the  Coast  Ranges  Thrust.  Also  during 
this  period  the  tectonic  and  depositional  regime  which  produced  the  Fran- 
ciscan Assemblage  evolved  to  the  present  day  San  Andreas  Rift  Zone  system. 
The  present  system  involves  the  Pacific  Plate  moving  to  the  northwest  rela- 
tive to  the  North  American  Plate  along  several  northwest  trending,  right 
lateral  faults  as  shown  on  Plate  8.  The  dominant  fault  of  the  system  is  the 
San  Andreas  Fault  which  lies  approximately  3  miles  west  of  the  study  area. 
Another  major  fault  of  this  system,  the  Hayward  Fault,  lies  about  15  miles 
east  of  the  study  area.  Risks  associated  with  activity  on  these  faults  are 
discussed  in  Section  3.0,  the  seismic  study,  and  in  Appendix  D. 

Deposition  from  the  Pleistocene  (1.85  million  years  ago)  to  the  present 
was  closely  related  to  global  fluctuations  in  sea  level  primarily  related  to 
glaciations,  but  also  influenced  by  local  tectonic  movements.  The  Colma 
Formation  was  deposited  in  the  study  area  during  the  Pleistocene.  At  lower 
elevations  the  character  of  this  formation  is  suggestive  of  deposition  in  an 
estuarine  environment  (Schlocker,  1974).  At  higher  elevations  the  Colma 
Formation  appears  to  consist  of  alluvial  (stream),  colluvial  (slope  wash)  and 
aeolian  (wind)  deposits  (Schlocker,  1974).  Deposition  of  the  Colma  over  the 
study  area  probably  occurred  in  an  extensive  complex  of  bays,  shallow  inlets 
and  channels  similar  to  the  present  Drakes  Bay  and  Drakes  Estero  on  the  Point 
Reyes  Peninsula. 

During  the  latest  interglacial  period,  erosion  and  weathering  of  the 
Colma  Formation  occurred.  Since  this  time,  wind  transported  dune  sands 
picked  up  from  the  ocean  beaches  have  been  deposited  over  the  weathered  Colma 
surface . 


-14- 


2.5    Site  Geology 

2.5.1  General 

The  bedrock  geology  of  the  Richmond  District  has  a  complex  stratigraphy 
and  structure.  Outcrops  occur  primarily  along  the  coast  and  in  Lincoln 
Park.  The  bedrock  of  the  rest  of  the  district  is  covered  by  soil  deposits 
or  has  been  obscured  by  urban  development.  Previous  geologic  mapping  in 
the  area  was  reported  by  Schlocker,  Bonilla  and  Radbruch  (1958),  Bonilla 
(1965,1971),  Blake  and  others  (1974),  and  Schlocker  (1974).  Two  bedrock 
units  and  eight  bedrock  types  have  been  distinguished  in  the  Richmond  Dis- 
trict. The  two  bedrock  units  are  the  Great  Valley  Sequence  in  the  west  and 
the  Franciscan  Assemblage  in  the  east,  which  are  separated  by  a  wide  shear 
zone  (the  City  College  Fault  Zone).  The  eight  rock  types  are:  1)  graywacke; 
2)  sandstone;  3)  melange;  4)  greenstone;  5)  interbedded  siltstone  and  shale; 
6)  serpentine;  7)  chert;  and  8)  limestone. 

Geologic  maps  at  ground  surface  and  at  tunnel  invert  level  are  pre- 
sented on  Plates  6A  and  6B.  An  interpretive  cross  section  of  the  bedrock 
geology  along  the  preferred  tunnel  route  (described  in  Section  4.4.3)  is 
presented  on  Plate  6C.  Detailed  descriptions  of  each  rock  type,  the  Logs  of 
Borings  and  Geologic  Logs  are  provided  in  Appendix  A.  In  the  following 
discussion  the  description  of  the  units  and  rock  types  will  proceed  from  west 
to  east. 

2.5.2  Great  Valley  Sequence 

Rocks  which  have  been  identified  as  part  of  the  Great  Valley  Sequence 
underlie  the  western  portion  of  the  study  area.  Excellent  exposures  of  these 
rocks  occur  in  the  Sutro  Baths  and  Cliff  House  area.  The  Great  Valley 
Sequence  in  the  Richmond  District  can  be  divided  into  two  units:  1)  a  sand- 
stone unit;  and  2)  a  sheared,  interbedded  siltstone  and  shale  unit. 

Exposures  along  the  coast  indicate  that  the  sandstone  unit  is  dominated 
by  massive,  very  hard  arkosic  sandstone,  with  relatively  few  siltstone  and 
shale  lenses.  The  description  of  the  construction  of  the  Mile  Rock  Tunnel 
(under  48th  Avenue)  by  CM.  Taylor  (1916),  however,  suggests  that  there  may 
be  moderately  extensive  lenses  of  interbedded  siltstone  and  shale  underlying 
the  eastern  portion  of  Sutro  Heights  Park.     Boring  15,  near  the  southeastern 
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corner  of  Sut.ro  Heights  Park,  encountered  significant  siltstone  and  shale 
lenses,  corroborating  this  interpretation.  There  may,  therefore,  be  more 
lenses  of  siltstone  and  shale  in  the  sandstone  unit  than  is  apparent  from 
exposures  along  the  coast. 

The  interbedded  siltstone  and  shale  unit  which  lies  immediately  adja- 
cent to  the  City  College  Fault  Zone,  is  approximately  500  feet  wide,  with 
beds  generally  1  to  6  inches  thick.  Bedding  is  highly  contorted  and  the  unit 
exhibits  substantial  shearing.  Tectonic  inclusions  of  massive  arkosic 
sandstone  up  to  50  feet  in  size  have  been  observed.  The  percentage  of 
swelling  clay  in  the  sheared  shale  matrix  appears  to  increase  near  the  City 
College  Fault  Zone.  The  shearing  and  tectonic  inclusions  are  probably 
related  to  past  activity  on  the  City  College  Fault.  The  attitude  of  the  unit 
appears  to  be  subparallel  to  that  of  the  City  College  Fault  Zone,  i.e., 
northwest  trending  and  nearly  vertical. 

Representative  examples  of  the  massive  arkosic  sandstone  were  obtained 
from  Boring  29  and  representative  examples  of  the  interbedded  siltstone  and 
shale  were  obtained  from  the  upper  portion  of  Boring  29  and  from  Borings  15 
and  33. 

2.5.3    City  College  Fault  Zone 

A  wide  melange  zone  separates  rocks  of  the  Great  Valley  Sequence 
on  the  west  from  the  Franciscan  Assemblage  rocks  on  the  east.  The  zone  may 
simply  be  an  isolated  unit  of  melange,  as  occasionally  found  elsewhere  in  the 
Franciscan  Assemblage;  however,  it  is  generally  interpreted  to  be  the  north- 
western continuation  of  the  City  College  Fault  Zone  (Bonilla,  1961;  Blake  and 
others,  1974;  Schlocker,  1974).  This  melange  zone  is  approximately  1000  feet 
wide,  and  characterized  by  a  sheared  shale  matrix  with  up  to  40  percent 
tectonic  inclusions.  These  inclusions  are  commonly  cobble  to  boulder  size 
but  may  exceed  200  feet  across.  Based  on  exposures  along  the  coast  about  20 
percent  of  this  melange  zone  was  observed  to  have  inclusions  which  exceeded 
10  feet  in  size. 

Representative  exposures  of  this  zone  occur  along  the  coast.  North  of 
the  Veterans  Hospital  complex  the  sheared  shale  matrix  is  rich  in  raont- 
morillonitic  clays  and  there  has  been  extensive  landsliding. 
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The    fault    zone    appears    to    be    a   northwest    striking,    nearly  vertical 

feature  within   the   study  area.      The  direction  of   displacement  on  the  City 

College  Fault  is  not  certain.  The  northwest  trend  of  this  fault,  its  ver- 
tical dip,  and  the  fact  that  it  juxtaposes  rocks  of  the  Great  Valley  Sequence 

on  the  west  against  Franciscan  rocks  on  the  east  suggest  that  this  fault  nay 

be  an  ancestor  of  the  present  day  San  Andreas  Rift  Zone,  which  is  a  right- 
lateral,  strike-slip  fault  system. 

The  maximum  age  for  the  City  College  Fault  is  upper  Cretaceous  because 
the  rocks  in  the  melange  zone  are  Jurassic  to  Cretaceous  rocks  of  the  Fran- 
ciscan Assemblage  and  the  Great  Valley  Sequence.  No  evidence  of  faulting 
has  been  observed  in  the  overlying  Colma  or  dune  sand  deposits  which  are 
Pleistocene  and  younger  in  age;  however  it  is  not  certain  that  the  evidence 
of  displacement  would  be  preserved  in  such  materials  (Bonilla,  1961). 
Activity  on  the  fault  occurred  after  upper  Cretaceous  tine  and  is  most  likely 
to  have  occurred  during  the  Tertiary  period.  Because  no  evidence  has  been 
found  of  displacement  of  Pleistocene  or  younger  strata,  this  fault  has  been 
classified  as  inactive  by  Jennings  et  al.  (1975)  (see  Plate  8).  No  evi- 
dence of  movement  along  this  fault  zone  was  observed  during  or  after  the  1906 
earthquake . 

2. 5. A    Franciscan  Assemblage 

The  Franciscan  Assemblage  underlies  the  study  area  east  of  the  City 
College  Fault  Zone.  The  Franciscan  here  is  characterized  by  sections  of 
jointed  rock  masses  separated  by  shear  zones  or  faults.  The  jointed  rock 
masses  are  commonly  composed  of  thick  bedded  graywacke  with  minor  siltstone 
and  shale,  and  more  rarely  chert.  Shear  zones  and  faults  are  generally 
marked  by  melange  zones  and  serpentine  lenses.  As  exposed  along  the  coast 
and  observed  in  the  borings,  the  Franciscan  in  this  locality  can  be  divided 
into  four  units.  From  west  to  east  these  units  comprise  a  thrust  sheet- 
melange  complex,  a  bedded  graywacke  unit,  a  melange  zone,  and  another  bedded 
graywacke  unit.  The  relative  location  of  these  four  units  has  been  postu- 
lated as  shown  on  Plate  6C. 

The  thrust  sheet-melange  complex  is  characterized  by  large  jointed  to 
brecciated    (crushed),    tectonic    slabs    separated    by   relatively   narrow  shear 
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zones  marked  by  serpentine.  This  complex  is  exposed  along  the  coast  from 
1000  feet  east  of  Land's  End  to  just  west  of  Land's  End.  At  least  three 
thrust  faults  were  identified  in  the  field  by  curvilinear  strings  of  serpen- 
tine outcrops.  To  a  limited  extent  these  thrust  sheets  were  mapped  through 
Lincoln  Park  on  the  basis  of  the  results  of  a  magnetometer  survey.  The 
thrust  faults  appear  to  strike  approximately  N45-60°W  and  to  dip  gently, 
10-35°,  to  the  southwest.  Borings  13,  20,  23,  28  and  30  exhibit  numerous 
shear  zones;  it  is  therefore  considered  likely  that  there  are  other  thrust 
faults  in  addition  to  the  three  identified  along  the  coast,  and  that  there 
exists  a  complex  series  of  southwest  dipping  thrust  sheets. 

This  zone  can  be  considered  a  melange  composed  for  the  most  part  of 
coherent  jointed  or  brecciated  inclusions  with  a  lesser  proportion  of  sheared 
shale  matrix.  The  tectonic  slabs  are  primarily  composed  of  greenstone 
and  graywacke,  and  the  shear  zones  consist  primarily  of  serpentine  and 
sheared  shale.  It  is  very  difficult  to  estimate  the  percentage  of  tectonic 
inclusions  versus  the  percentage  of  sheared  shale  matrix.  Based  on  field 
mapping  and  the  boring  logs  we  anticipate  that  at  least  60%  of  this  zone  will 
be  composed  of  tectonic  inclusions  and  that  this  value  could  be  as  high  as 
75-80%.  As  much  as  80%  of  these  inclusions  may  be  composed  of  highly  frac- 
tured greenstone. 

East  of  the  thrust  sheet-melange  complex  and  west  of  Phelan  Beach  is  a 
unit  of  jointed,  bedded  graywacke  with  minor  interbedded  siltstone  and 
shale.  This  unit  forms  steep  cliffs  along  the  coast  with  coves  and  caves 
formed  along  the  weaker  shear  zones  and  interbedded  siltstone  and  shale 
zones.  Representative  samples  of  this  unit  were  obtained  from  Boring  21. 
These  beds  generally  strike  north-south  and  dip  moderately  to  the  east  (Plate 
7A).  The  fractures  and  shear  zones  in  this  unit  strike  predominantly  north- 
northwest  and  north-northeast  and  dip  steeply  (Plate  7B).  A  chert/sheared 
shale  zone  within  this  western  graywacke  unit  was  observed  in  exposures  along 
the  coast  and  is  noted  on  Plate  6B.  The  zone  contains  highly  fractured 
chert,  graywacke  and  sheared  shale,  similar  to  other  melange  zones,  and  may 
be  as  much  as  200  feet  wide.  Since  the  zone  was  not  encountered  in  the 
borings,  and  landslides  have  obscured  its  contact  relations,  the  orientation 
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of  this  zone  is  uncertain.  It  may  be  a  part  of  the  Phelan  Beach  melange 
zone . 

The  next  unit  eastward  in  the  Franciscan  is  a  probable  melange  zone 
extending  south  from  Phelan  Beach.  Three  features  of  the  area  suggest  that 
it  is  a  melange  zone: 

1)  the  presence  of  blocks  of  limestone,  chert  and  serpentine  on  the 
beach:  rock  types  which  are  not  found  in  adjacent  exposures  and,  in 
the  case  of  the  limestone,  have  not  been  observed  elsewhere  in  the 
study  area; 

2)  the  change  in  character  and  orientation  of  the  graywacke  units  on 
the  east   side   of   the  beach  as   compared   to  the  west   side;  and 

3)  the  extensive  landsliding  in  the  area  above  the  beach. 

The  exact  attitude  of  the  shear  zone  is  not  known  but  an  eastward  dip  is 
suggested  by  two  features: 

1)  the  contact  relations  between  bedrock  exposures  and  landslide  and 
colluvial  material  on  either  side  of  the  beach;  and 

2)  the  presence  of  a  shale  breccia  unit  in  the  upper  part  of  Boring 
27  which  has  been  tentatively  correlated  with  the  shear  zone  at 
Phelan  Beach. 

Based  on  limited  exposures  and  Boring  27  we  estimate  that  this  melange 
zone  is  about  500  feet  wide.  We  anticipate  that  this  melange  zone  will 
be  dominated  by  sheared  shale  matrix,  similar  to  the  melange  of  the  City 
College  Fault  Zone. 

The  easternmost  unit,  which  extends  from  Phelan  Beach  to  Baker's  Beach, 
is  characterized  by  massive  graywacke  with  very  minor  siltstone  and  shale. 
In  a  few  localities  bedding  was  observed  and  has  a  strike  of  N60°W,  dipping 
to  the  south  (Plate  7C).  This  bedding  orientation  is  distinctly  different 
from  that  present  in  the  graywacke  unit  west  of  Phelan  Beach  (Plate  7 A) . 
However,  the  rose  diagram  of  the  fracture  and  shear  zone  orientations  (Plate 
7D)  shows  predominant  north-northwest  orientations  very  similar  to  that 
found  in  the  western  graywacke  unit  (Plate  7B).  The  graywacke  of  the  eastern 
unit  is  generally  more  massive  and  contains  fewer  shale  and  siltstone  inter- 
beds  than  the  graywacke  of  the  western  unit.  Representative  samples  of  this 
unit  were  obtained  from  Borings  2,  6,  26,  and  31. 
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3.0  SEISMIC  CONSIDERATIONS 

3. 1  General 

This  section  summarizes  the  results  of  our  seismic  studies  that  were 
conducted  to  evaluate: 

1)  the  regional  seismicity  and  the  associated  seismic  risk  at  the  site 
for  the  purposes  of  estimating  the  levels  of  ground  motions  that 
could   occur  within  the   study  area  during  a  major  earthquake; 

2)  the  seismic  response  of  typical  soil  and  rock  profiles  to  the 
levels  of  earthquake  shaking  identified  under  item  1),  and  to 
estimate  the  resulting  potential  for  soil  liquefaction  and  slope 
instability; 

3)  the  dynamic  interaction  between  the  sewer  and  the  surrounding  soil 
or  rock,  and  to  identify  those  portions  of  the  alignment  which  may 
be  subjected  to  critical  loads  or  deflections. 

On  the  basis  of  these  studies,  some  portions  of  the  sewer  alignment 
which  require  special  design  considerations  have  been  identified.  Appendix 
D  presents  a  more  detailed  explanation  of  the  techniques  used  to  develop  the 
design  input  parameters,  as  well  as  a  description  of  the  analyses,  and  a 
discussion  of  the  three  items  listed  above. 

3.2  Seismicity  and  Seismic  Risk  Evaluation 

The  major  active  faults  in  the  San  Francisco  Bay  Region  are  associated 
with  the  San  Andreas  system  which  includes  the  San  Andreas  Fault,  the  Healds- 
burg  Fault,  the  Hayward  Fault,  the  Calaveras  Fault,  the  Sargent  Fault  and  the 
San  Gregorio  Fault.  These  faults  are  oriented  in  a  general  northwesterly 
direction  and  have  relatively  well-defined  locations,  as  shown  on  Plate  8. 
The  site  is  located  about  three  miles  northeast  of  the  San  Andreas  Fault  and 
about  15  miles  southwest  of  the  Hayward  Fault.  While  seismic  activity  on  any 
of  the  faults  could  produce  strong  shaking  at  the  site,  the  nearby  San 
Andreas    Fault    is    considered    to    represent    the    greatest    potential  hazard. 

Since  1808,  more  than  1,500  earthquakes  have  been  reported  within 
100   kilometers   of    the   study   area.      Most   of    these   were    relatively  recent 
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instrumental  recordings  of  events  that  were  too  small  to  be  felt.  Only  303 
of  the  recorded  events  had  epicentral  intensities  greater  than  Modified 
Mercalli  V,  or  Richter  magnitudes  equal  to,  or  greater  than  4.0. 

The  first  seismological  instruments  in  Northern  California  were  placed 
on  Mount  Hamilton  in  1887  and  recorded  the  1906  San  Francisco  earthquake. 
However,  it  was  not  until  the  early  1930's  that  a  sufficient  number  of 
instruments  had  been  installed  to  locate  the  epicenters  of  all  Bay  Area 
earthquakes  greater  than  magnitude  4.  Before  that  time,  investigators 
located  epicenters  in  population  centers  such  as  San  Jose  or  San  Francisco, 
where  the  motions  were  felt,  even  though  the  true  centers  of  energy  release 
were  probably  located  somewhere  else.  A  map  of  reported  epicentral  locations 
is  presented  on  Plate  9. 

The  seismic  risk  at  the  site  was  evaluated  by  summing  the  assessed  risk 
contributions  from  the  individual  faults  surrounding  the  site.  The  study  was 
carried  out  using  a  statistical  method  developed  by  Dr.  Neville  Donovan 
of  Dames  &  Moore.  The  methodology  of  the  risk  analysis  is  described  in 
Appendix  D. 

Expected  peak  surface  accelerations  at  the  site  were  calculated  using 
two  attenuation  relationships;  one  was  developed  utilizing  earthquake 
data  recorded  on  exposed  bedrock  or  very  stiff  soil  sites,  and  the  other 
was  developed  from  earthquake  records  at  firm  soil  sites.  Both  cases  were 
considered  since  the  project  site  conditions  vary  from  exposed  bedrock  to 
deep  soil. 

The  computed  seismic  risk  is  expressed  in  terms  of  the  probability  that 
a  given  level  of  ground  surface  acceleration  will  be  exceeded  during  the 
design  life  of  the  structure.  The  results  are  presented  on  Plates  10A  (Soil 
Equation)  and  10B  (Rock  Equation),  for  two  assumed  design  lives  of  the  sewer, 
i.e.  50  and  100  years. 

The  results  of  this  study  indicate  a  high  probability  that  the  site 
will  experience  moderate  to  strong  ground  shaking  during  the  economic  life  of 
the  structure. 


*Attenuation  is  defined  as   the  reduction  in  the   intensity  of  ground  motion 
with  distance  from  the  zone  of  energy  release. 
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As  discussed  in  the  geology  sections  of  this  report,  no  active  faults 
have  been  identified  in  the  project  area.  The  City  College  Fault  zone 
has  been  classified  as  inactive  (Jennings,  1975).  It  is  our  opinion  that 
distortion  or  rupture  of  the  proposed  sewer  during  its  design  life  as  a 
result  of  displacement  of  a  fault  within  the  project  area  is  remote. 

3.3    Seismic  Response  of  Soil  and  Rock 

The  seismic  response  of  the  soil  and  rock  at  the  site  during  a  major 
earthquake  was  investigated  in  four  stages:  1)  an  evaluation  of  soil  and  rock 
properties,  water  levels,  and  the  blow  count  values  as  shown  on  the  boring 
logs,  2)  an  evaluation  of  static  and  dynamic  laboratory  test  results  on 
representative  soil  samples,  3)  performing  a  one-dimensional  wave  propagation 
analysis,  using  three  different  soil  profiles  to  model  the  range  of  subsur- 
face conditions  at  the  site,  and  4)  a  review  of  existing  literature  on 
seismic  site  response  for  conditions  applicable  to  the  present  study. 

3.3.1     Soil  Response 

The  seismic  response  of  the  various  soil  profiles  was  evaluted  by 
one-dimensional  wave-propagation  analyses,  using  200-foot,  150-foot  and 
50-foot  soil  depths  to  model  the  range  of  site  conditions.  One-dimensional 
soil  response  analyses  provide  a  good  estimate  of  horizontal  soil  response  to 
seismic  shear  waves  and  a  reasonable  estimate  for  a  soil  profile  with 
a  sloping  rock  boundary. 

For  the  soil  response  analysis,  the  two  design  seismic  motions  selected 
were  the  S80°E  component  of  the  Golden  Gate  Park  record  of  the  1957  San 
Francisco  earthquake  (maximum  acceleration  0.13g)  and  this  excitation  multi- 
plied by  a  factor  of  three  (0.39g).  The  accelerogram  was  recorded  on  a  rock 
outcrop  and  represents  bedrock  response  to  activity  on  a  nearby  section  of 
the  San  Andreas  Fault.  An  acceleration  level  of  0.39g  corresponds  to  an 
event  with  a  13  percent  probability  of  being  exceeded  within  a  100  year 
design  life,  as  shown  on  Plate  10B.  On  this  basis,  we  believe  that  the 
record  as  modified  is  appropriate  for  the  present  analysis. 

The  two  accelerograms  were  input  as  the  bedrock  surface  motion  to 
each  of  the  three  representative  soil  profiles  and  the  soil  response  was 
computed  using  the  one  dimensional  wave  propagation  analysis  developed  at  the 
University  of  California,  Berkeley  (Schnabel  et  al.,  1972). 
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The  results  of  the  soil  response  analyses  are  presented  on  Plate  11, 
which  shows  the  peak  accelerations  and  strain  levels  computed  at  the  ground 
surface  and  at  depths  of  20  and  100  feet. 

The  soil  response  analyses  indicate  that  peak  accelerations  will  be 
greatest  at  the  ground  surface,  significantly  lower  at  shallow  depths  on  the 
order  of  20  feet,  but  then  increase  again  with  depth.  The  computed  peak 
strain,  however,  was  lowest  at  the  ground  surface  and  greatest  at  shallow 
depths . 

3.3.2  Rock  Response 

The  accelerations  shown  on  Plate  10B  have  been  computed  from  an  attenu- 
ation equation  based  on  accelerograms  recorded  on  exposed  bedrock  surfaces. 
Plate  10B  therefore  represents  the  expected  seismic  response  of  the  bedrock 
surface  throughout  the  study  area.  It  is  generally  accepted  that  peak 
accelerations  and  displacements  in  a  rock  mass  decrease  slightly  with  depth. 
The  seismic  response  of  the  rock  mass  at  some  depth  below  the  bedrock  surface 
has  been  conservatively  assumed  to  be  the  same  as  that  occurring  at  the 
bedrock  surface. 

3.3.3  Soil/Rock  Transition  Response 

Evaluation  of  case  histories  (Lawson,  1908;  Seed,  et  al.,  1972)  and 
theoretical  studies  by  others  (Dezfulian  and  Seed,  1970)  have  shown  that  an 
amplification  of  motion  occurs  between  a  steeply  emerging  rock  slope  surface 
and  the  adjacent  shallow  soil.  This  general  trend  is  shown  on  Plate  11, 
where  the  computed  ground  accelerations  are  greatest  for  shallow  soil  con- 
ditions and  decrease  for  deepening  soil  conditions.  However,  the  one- 
dimensional  soil  response  analysis  assumes  a  horizontal  bedrock  surface  at 
each  soil  profile.  Using  the  three  soil  profiles  to  simulate  an  emerging 
rock  slope  surface  is  a  simplifying  approximation. 

Steeper  rock  slopes  create  greater  disparity  of  wave  amplitude  and 
phase  at  the  interface  between  the  two  materials.  The  magnitude  of  the 
response  difference  is  generally  greatest  near  the  ground  surface,  and 
decreases  with  depth.  However,  the  out-of-phase  motion  could  cause  high 
accelerations  at  the  soil-rock  interface.  Body  and  surface  wave  displace- 
ments in  the  soil  are  likely  to  be  higher  than  displacements  in  the  adjacent 
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rock.  Peak  accelerations  in  the  soil  near  the  rock  slope  as  estimated  by  a 
one-dimensional  soil  response  analysis  are  generally  slightly  higher  than 
those  obtained  from  more  sophisticated  methods.  The  effects  of  an  emerging 
rock  slope  on  seismic  response  is  discussed  in  greater  detail  in  Appendix  D. 

3.4  Slope  Stability  During  Earthquake  Shaking 

It  is  our  opinion  that  soil  and  rock  slope  instability  at  the  site 
during  a  major  earthquake  would  not  endanger  the  sewer  except  as  discussed  in 
the  next  section.  It  is  possible  that  shallow  sloughing  may  occur  in  the 
project  area  during  strong  shaking  but  deeper  failures  penetrating  to  the 
level  of  the  sewer  tunnel  are  unlikely.  The  only  slopes  of  any  significance 
which  might  affect  the  sewer  at  shallow  depths  are  at  the  Sutro  Heights 
bluffs  and  at  Lobos  Creek.  In  both  cases  it  is  considered  unlikely  that 
seismically  induced  slides  could  penetrate  to  the  sewer  level  unless  lique- 
faction occured  in  the  soils  at  the  base  of  the  slopes.  This  condition  is 
discussed  in  the  following  section. 

3.5  Liquefaction  Potential 

The  liquefaction  potential  in  the  sands  above  and  around  the  sewer 
was  considered  by  two  methods:  laboratory  testing,  and  interpretation  and 
evaluation  of  field  blow  count  values.  Both  methods  gave  approximately 
comparable  results.  However,  the  analysis  based  on  sampler  blow  count  data 
had  a  broader  data  base  and  is  therefore  considered  to  be  the  more  reliable 
indicator  of  liquefaction  potential.  Three  different  areas  of  potential 
liquefaction  were  considered,  namely  the  Great  Highway  area,  the  north  side 
of  Golden  Gate  Park  along  Fulton  Street,  and  the  Lobos  Creek  area.  The 
results  of  the  analyses  for  the  first  two  of  these  areas  are  presented  on 
Plates  12A  and  12B  which  compares  the  computed  minimum  penetration  resistance 
required   to  resist  soil  liquefaction  with  the  field  blow  count  values. 

The  liquefaction  analyses  indicate  that  extensive  liquefaction  during 
strong  shaking  is  unlikely  to  occur  in  the  two  areas  considered.  However,  the 
variation  of  blow  count  data  obtained  from  the  borings  suggests  that  during 
strong  shaking  liquefaction  may  occur  in  localized  zones  or  pockets  of  looser 
soil.  Evidence  of  liquefaction  (sand  boils,  cracking,  lateral  spreading)  was 
reported  to  have  occurred  200  feet  from  the  beach  just  south  of  Golden  Gate 
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Park  during  the  1906  earthquake  (Lawson,  1908).  This  occurrence  may  have 
been  in  loose  fill  created  when  the  dunes  in  the  area  were  leveled  for 
development.  No  other  instances  of  liquefaction  in  the  Great  Highway  area 
during  the  1906  earthquake  were  reported  by  Lawson.  It  is  our  opinion  that 
these  areas  of  liquefaction  would  probably  be  of  minor  extent  and  would  not 
represent  a  serious  risk  to  the  sewer. 

Adequate  boring  data  to  perform  a  liquefaction  analysis  was  not  avail- 
able for  the  Lobos  Creek  area.  It  is  our  opinion,  however,  that  the  alluvium 
at  the  bottom  of  Lobos  Creek  could  liquefy  during  a  major  earthquake. 
Many  San  Francisco  area  streambeds  were  reported  to  have  liquefied  during  the 
1906  earthquake  (Lawson,  1908). 

Liquefaction  of  the  streambed  deposits  at  Lobos  Creek  would  represent  a 
relatively  small  area  of  instability  with  respect  to  the  tunnel  structure. 
It  is  our  opinion  that  the  tunnel  could  be  designed  to  safely  span  the 
creekbed  in  the  event  of  liquefaction.  If  the  tunnel  is  placed  within  the 
fill  embankment  for  Lincoln  Boulevard,  the  weight  of  the  embankment  on  the 
streambed  soils  will  decrease  the  probability  of  liquefaction.  Liquefaction 
in  the  streambed  near  the  base  of  the  embankment  slopes  could  result  in  some 
slumping  of  the  Lincoln  Boulevard  embankment.  If  such  slumping  penetrated 
to  the  tunnel  level,  the  sewer  could  be  damaged  unless  special  measures  were 
incorporated  in  the  design. 

3.6    Seismically  Induced  Settlement 

Seismically  induced  settlement  of  sand  deposits  occur  as  a  result  of 
volumetric  strains  generated  during  shaking.  We  have  reviewed  available  data 
from  case  histories  and  experimental  work  (Seed  and  Silver,  1972;  Pyke  et 
al.,  1974)  and  have  concluded  that  seismically  induced  settlement  should  not 
be  a  serious  problem. 

The  greatest  settlement  can  be  expected  where  the  sand  deposits  are 
deepest,  which  is  on  the  order  of  200  to  250  feet  in  the  study  area.  For 
these  conditions,  and  assuming  about  half  dune  and  half  Colma  sand,  we 
estimate  that  seismically  induced  surface  settlement  would  not  be  more  than  a 
few  tenths  of  a  foot.  Settlement  at  some  depth  below  the  surface  would  be 
correspondingly  less.  On  this  basis  it  is  our  opinion  that  more  sophis- 
ticated analyses  are  not  warranted. 


-25- 


3.7      Dynamic  Interaction  Between  the  Sewer  and  the  Surrounding  Soil  and  Rock 


For  structures  above  ground  the  maximum  dynamic  loads  and  deflections 
are  primarily  determined  by  the  inertial  response  of  the  structure  to  base 
motion.  In  contrast,  inertia  loads  generally  do  not  control  the  seismic 
response  of  a  tunnel  within  the  ground  mass.  The  tunnel  follows  the  ground 
motions  since  its  mass  and  stiffness  are  much  less  than  the  combined  mass  and 
stiffness  of  the  surrounding  soil  or  rock.  The  tunnel  cannot  vibrate  freely, 
and  therefore  cannot  amplify  the  ground  motions  at  its  own  natural  frequency. 
The  maximum  tunnel  loads  and  deflections  will  be  determined  not  by  ground 
accelerations,  but  by  the  relative  ground  displacements.  Axial  loads  and 
axial  strains  usually  control  tunnel  design,  while  bending  and  shear  loads 
are  less  critical. 

Tunnels  have  historically  behaved  satisfactorily  as  compared  to  sur- 
face structures  during  earthquake  shaking.  Earthquake-induced  damage  to 
tunnels  in  intact  massive  rock  is  usually  very  slight,  even  during  major 
earthquakes  (Dowding,  1978).  Critical  areas  requiring  extra  strength  and 
ductility  in  the  tunnel  liner  are  identified  below: 

1)  Abrupt  transition  zones  from  rock  to  soil,  particularly  at  shallow 
depths . 

2)  Abrupt  transition  zones  from  hard  soil  to  soft  soil,  such  as 
leaving  natural  soil  under  El  Camino  del  Mar  and  entering  the 
manmade  fill  of  the  Lincoln  Boulevard  embankment  over  Lobos  Creek. 

3)  Abrupt   transition   zones   from  shallow  soil   to   deep   soil  deposits. 

A)  Areas  of  potential  soil  liquefaction  during  strong  ground  shaking, 
such  as  at  Lobos  Creek. 

5)  Abrupt  changes  in  structure  section  geometry,  junction  structures, 
and  sharp  bends  in  the  tunnel  alignment. 

In  conclusion,  it  is  our  opinion  that  the  risk  of  earthquake  induced 
damage  to  the  sewer  is  slight  to  moderate,  provided  special  attention  is  paid 
to  the  critical  areas  mentioned  above.  Comparison  of  alternative  routes  with 
regard  to  seismic  risk  does  not  indicate  that  any  particular  route  would  be 
significantly  better  or  worse  than  the  others. 


-26- 


DAMES  e  MOORE 


4.0  DISCUSSION  AND  RECOMMENDATIONS 

4. 1  Route  Selection  Criteria  for  Tunnel 

In  determination  of  the  preferred  route  for  the  sewer  alignment  three 
basic  route  selection  criteria  were  used  in  this  study: 

1.  The  sewer  must  be  located  so  that  gradient,  alignment,  and  terminus 
meet  the  hydraulic  requirements  necessary  to  satisfy  the  intended 
purpose  of  the  transport  sewer. 

2.  The  sewer  construction  must  be  economical  as  compared  to  construc- 
tion on  alternative  routes. 

3.  The  sewer  construction  must  be  within  acceptable  limits  with 
regard  to  the  risk  of  distress  or  damage  to  private  and  public 
structures . 

Other  criteria,  such  as  disturbance  or  nuisance  to  businesses  or  private 
citizens  during  construction,  and  effects  of  construction  on  native  flora  or 
fauna,  were  identified  but  consideration  of  their  effect  on  alternative 
routes  was  beyond  the  scope  of  this  study. 

The  first  criterion,  that  of  compliance  with  hydraulic  requirements, 
essentially  restricts  the  tunnel  alignment  only  at  the  two  ends  of  the  sewer. 
The  location  of  the  western  end  of  the  sewer  is  precisely  dictated  by  hydrau- 
lic requirements  to  connect  with  the  proposed  sewer  along  the  Great  Highway, 
and  the  eastern  end  must  fall  within  a  relatively  small  geographical  area  in 
order  to  connect  with  the  existing  sewer  system  under  and  north  of  Lake 
Street. 

The  second  criterion  is  concerned  with  risk  to  private  and  public 
property  caused  by  the  construction  and  operation  of  the  sewer,  including 
risk  to  the  tunneling  contractor.  This  report  deals  principally  with  risk  as 
related  to  undesirable  ground  movement:  loss  of  ground,  squeezing,  flowing  or 
raveling  ground,  or  subsidence  of  the  ground  surface.  Some  of  these  problems 
of  ground  movement  are  caused  by,  or  accompanied  by,  ground  water  flow 
into  the  tunnel.  Fortunately,  a  route  chosen  for  economic  reasons  because  it 
offers  the  best  tunneling  conditions  will  probably  compare  favorably  with 
other  routes  in  terms  of  risk,  as  the  two  criteria  are  generally  compatible. 
In  evaluating  alternative  routes,    the  criterion  of  acceptable  risk,  as 
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regards  the  consequences  of  surface  subsidence,  was  assumed  to  vary  across 
the  study  area  depending  upon  the  nature  of  surface  usage. 

The  third  basic  criterion,  economy,  is  primarily  dependent  upon  selec- 
tion of  a  route  offering  the  best  subsurface  conditions  for  tunneling,  and 
making  the  route  as  short  as  possible.  Listed  in  order  of  importance,  the 
best  ground  conditions  for  tunneling  would  minimize  ground  water  problems, 
excavation  problems,  and  ground  stability  problems  (Schmidt,  1974).  Other 
cost  factors,  such  as  the  obtainment  of  easements  to  private  property,  are 
beyond  the  scope  of  this  study,  but  are  probably  small  as  compared  to  the 
effects  of  ground  conditions  and  tunnel  length. 

4.2    Excavation  Characteristics  of  Soil 

4.2.1    Dune  Sand 

Because  of  the  uniformity  of  dune  sand,  the  excavation  characteristics 
in  this  soil  can  be  predicted  with  reasonable  confidence.  It  is  unlikely 
that  naturally  occurring  obstructions  or  unexpected  conditions  will  be  met 
when  excavating  dune  sand.  The  excavation  characteristics  of  dune  sand  are 
largely  dependent  upon  the  location  of  the  ground  water  level.  Dune  sand  has 
no  clay  binder,  and  as  a  result  has  no  cohesive  characteristics  except  for 
"apparent"  cohesion  which  occurs  when  the  sand  is  damp,  but  not  saturated.  If 
dry  or  saturated  the  sand  may  run  or  flow  into  excavations  unless  fully 
restrained.  Under  conditions  of  high  seepage  gradients  below  the  ground 
water  level,  dune  sand  adjacent  to  even  small  openings  in  the  shoring  or 
earth   support    system  will    readily   blow   out   and   flow  into    the  excavation. 

When  damp,  dune  sand  possesses  a  weak  "apparent"  cohesion  due  to 
capillary  action  of  the  soil  moisture.  Damp  dune  sand  may  be  rapidly  excava- 
ted if  support  is  immediately  provided.  Even  under  ideal  conditions,  standup 
time  for  dune  sand  is  normally  very  short,  depending  on  the  size  of  the 
heading.  Thus,  damp  dune  sand  is  usually  excavated  by  some  sort  of  method 
offering  continuous  support  such  as  breast-boards  and  forepoling,  or  shield 
driven.  Open  excavations  are  normally  supported  by  continuous  sheet  piles  or 
soldier  piles  and  lagging. 

Below  the  water  table,  excavation  in  dune  sand  can  be  carried  out  only 
if    the    seepage    gradients   toward    the    excavation   are    eliminated    by  advance 
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lowering  of  the  water  table,  or  if  the  seepage  gradients  are  balanced  by 
compressed  air  or  a  pressure-balancing  tunneling  machine  such  as  a  "slurry 
mole."  Alternatively  the  soil  could  be  rendered  relatively  impermeable  by 
grouting  or  freezing,  but  these  are  expensive  methods  and  could  only  be 
justified  for  localized  critical  problem  areas.  Dune  sand  is  permeable 
enough  to  facilitate  chemical  grouting,  if  necessary. 

The  permeability  of  dune  sand  is  relatively  high  (approximately  10~3 
cm/sec),  and  the  general  absence  of  impermeable  horizons  suggests  that 
conventional  dewatering  systems  are  usually  a  feasible  and  effective  means  of 
lowering  the  ground  water  level.  Dune  sand  is  relatively  incompressible,  and 
surface  settlement  from  consolidation  of  dune  sand  due  to  a  lowered  water 
level  is  usually  within  acceptable  limits. 

The  risk  of  surface  subsidence  due  to  loss  of  ground  during  tunneling 
operations  in  dune  sand  is  usually  high,  unless  special  operations  such  as 
grouting  are  used.  The  amount  of  subsidence  depends  to  a  large  degree  upon 
the  method  of  construction  used  and  the  degree  of  care  and  workmanship  used 
by  the  excavation  contractor.  The  following  discussion  of  subsidence  is 
based  on  reviews  of  case  histories  by  others  of  tunneling  projects  in  cohe- 
sionless  sand  (Peck,   1969;  Peck  et  al.,  1972). 

The  magnitude  of  surface  subsidence  resulting  from  loss  of  ground 
during  tunneling  operations  depends  primarily  upon  three  factors:  1)  the 
density  of  the  overlying  sand;  2)  the  depth  of  the  tunnel  below  the  ground 
surface;  and  3)  the  tunneling  method  used.  Assuming  no  extraordinary  loss  of 
ground  occurs  from  a  sudden  run  or  flow  of  soil  into  the  tunnel,  conventional 
tunneling  methods  in  cohesionless  soils  typically  incur  a  loss  of  ground  of 
from  0.5  percent  to  1.0  percent  of  the  tunnel  volume.  This  loss  of  ground 
usually  corresponds  to  approximately  1  to  2  inches  of  ground  movement  toward 
the  tunnel  crown.  The  degree  to  which  this  movement  is  transmitted  to  the 
ground  surface  depends  upon  the  density  of  the  sand  and  the  depth  of  the 
tunnel  (for  a  given  tunnel  diameter).  In  dense  to  very  dense  sands,  the 
earth  movement  initiated  by  loss  of  ground  into  the  tunnel  will  tend  to  be 
reduced  or  even  absorbed  altogether  as  the  void  progressively  "stopes,"  or 
advances  vertically  toward  the  surface,   because  the  relative  density  of  the 
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displaced  sand  will  be  reduced  slightly  during  movement.  In  very  loose  sand, 
it  is  possible  that  the  relative  density  will  be  increased  as  stoping  occurs, 
thereby  amplifying  the  earth  movement;  however,  as  dune  sand  is  generally 
dense,  it  is  expected  that  the  surface  effect  from  any  loss  of  ground  at  the 
tunnel  will  be  reduced  with  increasing  depth  of  the  tunnel.  At  shallow 
depths  (less  than  2  diameters  of  cover),  most  of  the  movement  will  probably 
be  transmitted  to  the  ground  surface,  forming  a  shallow  trough  directly 
over  the  tunnel.  Maximum  settlement  will  occur  at  the  center  of  this  trough 
and  taper  off  to  zero  settlement  from  one  to  two  tunnel  diameters  on  either 
side.  At  tunnel  depths  greater  than  2  diameters  the  surface  settlement  will 
be  less  and  the  settlement  trough  shallower  and  wider.  At  greater  depths  (5 
diameters  or  more),  settlement  at  the  ground  surface  may  be  negligible 
(again,  assuming  no  extraordinary  loss  of  ground  occurs  from  a  sudden  run  or 
flow  of  soil  into  the  tunnel).  The  contractor's  skill  and  workmanship  play 
an  important  part  in  the  amount  of  subsidence  which  might  occur  over  the 
tunnel  crown. 

For  special  conditions,  such  as  passing  beneath  a  structure  at  shallow 
depths,  where  the  expense  can  be  justified,  experience  has  shown  that  surface 
settlement  can  be  successfully  held  to  a  very  small  amount  by  grouting  the 
dune  sand  ahead  of  the  tunnel  from  the  working  face  or  from  the  ground 
surface . 

4.2.2    Colma  Sand 

The  excavation  characteristics  of  Colma  sand  are  in  many  ways  similar 
to  dune  sand.  From  the  standpoint  of  stability,  Colma  sand  is  expected  to  be 
generally  superior  to  dune  sand  because  it  is  denser  and  often  has  an  appre- 
ciable cohesion.  From  the  standpoint  of  ground  water  control,  however,  Colma 
sand  is  expected  to  be  more  troublesome  than  dune  sand. 

Nowhere  in  the  study  area  is  it  expected  that  Colma  sand  will  be 
encountered  above  the  ground  water  table.  Tunneling  in  Colma  sand  below 
the  water  table  is  subject  to  the  same  restrictions  as  tunneling  in  dune 
sand:  the  ground  water  must  be  lowered  to  a  level  below  the  tunnel  invert, 
or  the  seepage  pressures  must  be  balanced  by  compressed  air  or  a  pressure- 
balance  type  of  tunneling  method. 
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Colma  sand  is  usually  characterized  by  a  variable  amount  of  fines  . 
Thus,  its  permeability  (from  10~3  to  10~6  cm/sec)  is  much  more  variable 
and  generally  lower  than  dune  sand.  Colma  sand  also  exhibits  well  defined 
horizontal  bedding  with  occasional  impermeable  (less  than  10~6  cm/sec) 
horizons.  In  particular,  the  upper  surface  of  the  Colma  Formation  is  usually 
very  clayey  for  a  thickness  of  several  feet.  For  these  reasons,  it  is  our 
opinion  that  Colma  sand  would  be  difficult  to  dewater  effectively.  This  is 
especially  important  when  considering  that  much  of  the  Colma  sand  encountered 
in  the  borings  contains  very  few  fines,  and  therefore  is  clean  enough  to 
react  like  dune  sand  in  the  presence  of  high  seepage  gradients  at  the  tunnel 
heading . 

Assuming  fully  controlled  ground  water,  excavated  openings  in  Colma 
sand  are  expected  to  be  more  stable  than  in  dune  sand.  The  variation  of 
cohesion  in  the  Colma  Formation  can  not  be  adequately  predicted  on  the  basis 
of  the  widely  spaced  borings  drilled  for  this  study.  At  worst,  excavation 
will  require  immediate  full  support  as  for  dune  sand;  at  best  it  will  possess 
enough  cohesion  to  be  self-supporting  for  short  periods.  We  recommend 
therefore,  that  tunneling  operations  in  Colma  sand  be  advanced  in  the  same 
manner  as  used  for  dune  sand,  that  is,  shield-driven  or  fully  supported  by 
breastboards  and  forepoling. 

Colma  sand  is  relatively  incompressible  and  is  not  expected  to  exibit 
significant   consolidation  settlement   as   a   result   of  dewatering  operations. 

Subsidence  due  to  loss  of  ground  during  tunneling  operations  will  occur 
in  Colma  sand  as  for  dune  sand.  Because  Colma  sand  possesses  varying  degrees 
of  cohesion,  and  because  it  is  denser  and  will  generally  be  excavated  at  a 
greater  depth  below  the  surface  than  dune  sand,  the  settlement  at  the  ground 
surface  is  expected  to  be  somewhat  less  than  for  a  similar  excavation  in  dune 
sand.  In  some  borings,  notably  Boring  26,  discontinuous  lenses  of  Colma  sand 
were  weakly  cemented  with  iron  oxide.     Such  cementation  would  strengthen  the 


*Fines  are  defined  as  silt  or  clay  sized  particles  passing  a  #200  sieve 
(0.08mm),  about  the  smallest  size  that  can  be  distinguished  by  the  naked 
eye . 
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natural  arching  action  over  the  tunnel  crown  and  reduce  the  tendency  for 
surface   subsidence   to   occur   as   a   result   of   lost  ground  during  excavation. 

Grouting  Colma  sand  to  render  it  impermeable  would,  in  most  instances, 
probably  not  be  practical  due  to  its  moderate  permeability.  Compaction 
type  grouting  to  prevent  or  correct  surface  subsidence  could  be  carried  out, 
however,  as  this  method  can  be  applied  to  nearly  any  soil. 

4.2.3    Other  Soil  Deposits 

Beach  sand  is  not  likely  to  be  encountered  anywhere  in  the  study  area 
except  possibly  near  the  Great  Highway.  The  excavation  characteristics  of 
beach  sand  would  be  about  the  same  as  for  dune  sand.  The  most  notable 
difference  between  dune  and  beach  sand  is  the  slightly  coarser  gradation  and 
greater  permeability  (estimated  at  10~2  cm/sec)  of  beach  sand. 

Marsh  or  lagoon  deposits  were  encountered  at  several  locations  (Borings 
1,  3,  and  7)  as  a  thin,  dark  green-brown  or  black  clayey  or  silty  layer  on 
top  of  the  Colma  Formation.  In  our  opinion,  the  deposits  are  infrequent  and 
it  is  unlikely  that  extensive  marsh  deposits  will  be  encountered.  The  marsh 
deposits  occur  as  a  Very  stiff  overconsolidated  clay  and  encountering  this 
strata  should  present  no  significant  excavation  problems,  although  its 
presence  may  hamper  dewatering  efforts.  The  marsh  deposits  may  be  moderately 
compressible  when  loaded  by  dewatering  the  overlying  soil,  but  in  our  opinion 
the  magnitude  of  potential  surface  settlement  would  be  small  unless  the 
stratum  is  much  thicker  than  those  encountered  in  the  test  borings. 

Colluvium  was  encountered  in  many  of  the  borings  just  over  bedrock. 
Colluvium  possesses  adequate  strength  to  be  self-supporting  for  a  moderate 
time  and  should  not  present  any  special  excavation  difficulties  except  that 
it  may  contain  boulders.  Consolidation  settlement  of  colluvium  due  to 
dewatering  the  overlying  soils  is  expected  to  be  minor  and  have  an  insig- 
nificant impact  upon  surface  structures. 

Manmade  fill  soils  in  the  study  area  are  of  no  importance  to  this 
project  except  in  two  locations:  the  area  of  the  former  Playland-At-The 
Beach  next  to  the  Great  Highway,  and  the  embankment  constructed  for  Lincoln 
Boulevard  where  it  passes  over  Lobos  Creek.  No  borings  were  drilled  in 
either   location   for    this    investigation.       It    is   probable   that    the  primary 
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component  of  the  fills  is  dune  sand.  Some  debris  and/or  obstructions  such 
as  buried  concrete  footings  might  be  present  which  could  be  a  source  of 
excavation  difficulties.  In  particular,  the  embankment  over  Lobos  Creek 
replaced  an  old  concrete  bridge  and  it  is  not  known  if  the  bridge  footings 
were  removed.  The  existing  concrete  box  conduit  for  Lobos  Creek  would  itself 
be  an  excavation  problem  requiring  careful  consideration. 

Excavation  in  manmade  fill,  if  composed  of  dune  sand,  would  be  subject 
to  the  same  limitations  discussed  in  Section  4.2.1.  Subsidence  and  stability 
problems  in  fill  soils  would  probably  be  more  severe  than  for  naturally 
occurring  dune  sand  as  the  fill  is  likely  to  have  a  lower  shear  strength  and 
density . 

Mixed  streambed  deposits  are  believed  to  occur  only  at  Lobos  Creek, 
which  is  at  approximately  Elevation  +27  feet.  These  deposits  are  probably 
sandy  soils  with  gravelly  and  silty  lenses  and  should  be  considered  cohesion- 
less  and  permeable.  If  the  tunnel  is  constructed  on  the  preferred  route  at 
an  invert  elevation  of  approximately  +30  feet  as  recommended  in  Section 
4.4.2,  streambed  deposits  will  probably  not  be  encountered. 

4.3    Excavation  Characteristics  of  Bedrock 

4.3.1  Great  Valley  Sandstone 

The  sandstone  of  the  Great  Valley  Sequence  is  an  excellent  material 
for  rock  tunneling.  Shear  zones  are  infrequent  and  the  rock  is  generally 
massive,  fresh  and  very  strong.  Blasting  will  be  required.  The  use  of  a 
boom  excavator  probably  will  not  be  feasible.  The  sandstone  is  not  degraded 
by  exposure  to  air  or  flowing  ground  water.  Portions  of  the  Mile  Rock  sewer 
tunnel  were  constructed  in  Great  Valley  sandstone  and  it  was  reported  that 
ground  water  was  not  a  serious  problem  (Taylor,  1916). 

4.3.2  Great  Valley  Siltstone  and  Shale 

The  siltstone  and  shale  of  the  Great  Valley  Sequence  is  only  moderately 
strong  and  exibits  a  greater  number  of  shear  zones  than  the  Great  Valley 
sandstone.  Unsheared  shale  may  exibit  some  slight  slaking  or  degradation 
upon  exposure  but  not  to  a  serious  degree.  Within  shear  zones  the  siltstone 
and   shale   is  weak,   highly  brecciated,   and  slakes  readily.     Ground  water  is 
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not  expected  to  be  a  major  problem.  Most  of  the  existing  Mile  Rock  sewer 
tunnel  was  driven  through  Great  Valley  siltstone  and  shale.  Excavation  could 
probably  be  carried  out  by  blasting  and/or  with  a  boom  excavator. 

A. 3. 3    Franciscan  Melange 

The  melange  is  expected  to  be  the  most  difficult  of  the  bedrock  types 
to  tunnel.  The  shaley  matrix  is  very  weak  and  it  is  our  opinion  that  it  nay 
exhibit  a  tendency  to  squeeze  into  the  excavation,  and  will  exhibit  raveling 
behavior  in  the  tunnel  crown  and  face.  In  contact  with  water  the  matrix 
slakes  readily,  and  may  swell  when  unrestrained.  Laboratory  tests  indicate 
swelling  pressures  of  up  to  3,000  pounds  per  square  foot  may  be  developed  if 
the  sheared  shale  is  fully  restrained  (Plate  A-6),  however  deformations 
induced  during  excavation  should  result  in  a  volume  increase  which  will 
result  in  a  correspondingly  reduced  swell  pressure. 

Within  the  shaley  matrix,  the  melange  zone  contains  tectonic  inclusions 
of  all  of  the  other  local  Franciscan  rock  types:  shale,  graywacke,  green- 
stone, serpentine,  chert  and  limestone.  These  inclusions  will  be  encountered 
in  a  random  manner  and  may  range  from  sand  size  to  as  much  as  several  hundred 
feet  across.  Although  the  rocks  making  up  these  inclusions  are  generally 
more  highly  fractured  than  is  the  case  outside  of  the  melange  zone,  many  are 
expected  to  be  competent  enough  to  require  blasting  for  excavation.  Blasting 
within  the  melange  should  be  avoided  to  the  extent  possible  as  undesirable 
loosening  of  the  shaley  matrix  may  occur,  resulting  in  excessive  overbreak. 
In  our  opinion,  very  little  ground  water  will  be  found  in  the  melange  zone 
since  the  sheared  shale  matrix  is  relatively  impervious.  If  a  very  large 
inclusion  of  highly  fractured  rock  is  encountered  it  could  be  a  source  of 
ground  water  inflow,  however  the  inclusions  are  generally  of  limited  extent 
and  should  drain  in  a  short  time. 

4.3.4    Franciscan  Graywacke 

The  Franciscan  graywacke  is  generally  a  reasonably  competent  rock  for 
tunneling.  Typically  graywacke  is  moderately  blocky  and  seamy.  Excavation 
will  require  blasting.  The  graywacke  is  not  susceptible  to  degradation  by 
exposure  to  air  or  ground  water.     Clay-filled  joints  are  common.     Shear  zones 


-34- 


OAMES  fJ  MOORE 


in  the  graywacke  are  fairly  common  and  at  these  locations  the  rock  is  typ- 
ically highly  brecciated  and/or  sheared.  The  graywacke  is  usually  interbed- 
ded  with  shale  and  because  of  its  lower  strength,  more  shear  zones  are 
expected  to  occur  in  the  shale  than  in  the  graywacke. 

4.3.5  Franciscan  Shale/Siltstone 

During  the  subsurface  explorations  siltstone  was  encountered  much  less 
frequently  than  shale  and  as  it  is  expected  that  the  excavation  properties  of 
siltstone  are  generally  similar  to  shale,  the  following  discussion  is  appli- 
cable to  both  rock  types. 

As  mentioned  above,  Franciscan  shale  is  usually  found  interbedded  with 
graywacke  from  thin  partings  to  thick-bedded.  Where  unsheared,  the  shale  is 
usually  moderately  strong.  A  boom  excavator  can  be  used  in  this  material  in 
lieu  of  blasting.  Shale  is  commonly  thinly  laminated  and  fissile,  so  some 
raveling  may  be  expected  if  the  bedding  orientation  is  unfavorable.  (See 
Section  2.5  for  a  discussion  of  bedding  and  fracture  orientation.)  Some 
slight  degradation  or  slaking  may  occur  upon  exposure  to  air  and  flowing 
ground  water,  but  the  effect  is  not  expected  to  be  rapid.  Very  often  the 
shale  is  highly  sheared  and/or  brecciated.  Within  shear  zones,  the  shale  is 
weak  to  very  weak,  is  highly  susceptible  to  slaking  and  raveling,  and  will 
probably  be  degraded  by  exposure  to  air  and  the  inflow  of  ground  water. 
Sheared  shale  is  abundantly  slickensided ,  and  may  be  very  slippery  and 
sticky.  During  tunneling,  care  should  be  taken  to  ensure  the  stability  of 
seemingly  competent  graywacke  layers  which  may  be  bounded  on  both  sides  by 
sheared  shale  interbeds.  In  shear  zones,  the  shale  can  probably  be  excavated 
with  pneumatic  spades.  Blasting  should  be  avoided  in  sheared  material  if 
possible . 

4.3.6  Franciscan  Greenstone/Chert 

The  Franciscan  greenstone  and  chert  are  very  hard,  siliceous,  and  not 
susceptible  to  slaking,  or  degradation  upon  exposure.  Of  the  two,  chert  is 
slightly  harder  than  greenstone.  None  of  the  test  borings  encountered 
greenstone  or  chert  in  the  massive  state.  Massive  greenstone  outcrops  can  be 
observed  along  the  northern  bluffs,  however,  and  it  is  known  that  chert  may 
be  massive,  albeit  rarely.  In  outcrops  and  in  the  borings,  chert  was  gener- 
ally thin  bedded  and  highly  fractured.     In  the  borings,   greenstone  was 
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generally  observed  to  be  highly  fractured  or  brecclated.  Shear  zones  are 
common,  and  exibit  some  slickensides  and  clay  filling.  We  expect  that  most 
of  the  chert  and  greenstone  encountered  will  be  fractured  (RQD=0  or  near  0*) 
to  a  degree  permitting  excavation  by  a  boom  excavator.  This  material  will 
probably  exhibit  moderate  raveling  behavior  and  tend  to  drop  blocks  out 
of  the  tunnel  crown.  The  1938  Richmond-Sunset  sewer  tunnel  was  reported  to 
have  been  driven  through  2000  feet  of  "clay  and  red  rock  chert"  and  for 
several  hundred  feet  was  unsupported.  This  tunnel  was  horseshoe  shaped  and 
had  a  construction  width  of  about  6  feet  (Rothschild,  1938). 

4.3.7    Franciscan  Serpentine 

Serpentine  is  generally  highly  sheared  and  very  weak,  with  abundant 
slickensides.  It  can  probably  be  excavated  without  blasting  except  for 
occasional  unaltered  and  unsheared  material  which  form  very  hard  inclusions. 
Sheared  material  is  subject  to  degradation  upon  exposure  to  air  and  flowing 
water  and  generally  slakes  readily. 

4.4    Route  Selection 

4.4.1    The  Route  Selection  Process 

The  route  selection  process  was  undertaken  and  analyzed  by  computer 
modeling  as  discussed  in  detail  in  Appendix  B,  and  by  engineering  analysis 
considering  cost  and  construction  feasibility  as  discussed  in  Appendix  C.  As 
stated  in  Section  4.1,  the  primary  criteria  used  for  the  route  selection 
process  considered  1)  hydraulic  constraints,  2)  economy,  and  3)  construction 
risk. 

For  the  various  route  corridors  considered  in  the  selection  process, 
the  location  of  the  portals  was  fairly  well  defined  by  hydraulic  requirements 
and  the  potential  impact  of  construction  activity  at  the  tunnel  portals  was 
assessed  to  be  about  the  same  for  each  corridor.  However,  construction  of 
the  sewer  under  Lake  Street  could  have  a  significantly  greater  impact  on  the 
neighborhood  as  compared  with  placing  the  eastern  portal  in  the  Lobos  Creek 
area  of  the  Presidio. 


See  Appendix  A,  Section  A4.7  for  a  definition  of  RQD. 
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Considering  the  construction  methods  required  for  tunneling  through  the 
various  soil,  rock,  and  ground  water  conditions  which  are  expected  to  be 
encountered  in  the  study  area,  it  was  concluded  that  the  ground  water 
conditions  would  require  an  extensive  de^atering  program  for  construction  of 
the  tunnel  in  the  sandy  soils  beneath  the  water  table.  Because  of  these 
ground  water  conditions,  the  relative  cost  for  tunneling  in  sand  would, 
for  the  most  part,  be  greater  than  the  cost  for  tunneling  in  rock  (see 
Appendix  C). 

The  potential  effect  of  the  sewer  construction  on  property  of  the  area 
is  influenced  to  a  large  degree  on  the  relative  risk  of  ground  movement  over 
the  tunnel  crown  during  construction.  As  a  general  rule,  the  risk  of  ground 
movement  decreases  for  tunnel  construction  at  increasing  depth  below  the 
surface,  and  the  risk  of  ground  movement  is  much  less  for  construction  in 
rock  as  compared  to  tunneling  in  soil.  The  potential  effect  of  ground 
movement  on  surface  features  is,  of  course,  reduced  where  the  tunnel  align- 
ment is  beneath  parks,  and  to  a  lesser  degree,  where  the  alignment  is  beneath 
city  streets,  as  opposed  to  construction  beneath  homes,  businesses  and  public 
structures. 

4.4.2    Route  Corridors  Considered 

The  study  area  was  divided  into  three  general  route  corridors,  referred 
to  in  this  study  as  the  North,  Direct,  and  South  corridors  as  shown  on 
Figure  1.  Alignments  in  all  three  corridors  would  have  the  same  starting  and 
ending  points;  however,  two  different  treatments  for  the  east  end  were 
considered,  each  applicable  to  all  three  corridors. 

The  first  scheme  for  the  east  end  would  have  an  extension  of  the 
existing  sewer  proceed  under  Lake  Street  from  17th  Avenue  to  a  point  some- 
where between  24th  to  27th  Avenue.  This  portion  of  the  sewer  could  be 
either  a  mined  tunnel,  just  below  the  existing  sewers,  or  it  could  be  con- 
structed in  open-cut,  as  discussed  in  Appendix  C.  Either  method  would 
replace  the  existing  collector  sewers  under  Lake  Street.  Somewhere  between 
24th  and  27th  Avenues  a  vertical  drop  shaft  would  be  constructed  to  connect 
with  the  eastern  end  of  the  transport  sewer  tunnel.  Either  method  considered 
for  Lake   Street  would  be  relatively  expensive,   difficult  and   involve  major 
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FIGURE  1 


disruption  to  the  residents  of  the  area  for  an  extended  period  of  tine.  A 
mined  tunnel  would  require  extensive  dewatering  from  the  surface  and  two 
access  shafts  in  Lake  Street  for  the  duration  of  construction.  Open-cut 
construction  would  be  from  30  to  50  f^et  deep,  and  would  partially  block  the 
street,  preventing  two-way  traffic  in  the  construction  zone. 

The  second  scheme  for  the  east  end  would  have  the  sewer  terminate  in 
the  Presidio  near  Lobos  Creek,  where  the  ground  surface  elevation  is  low 
enough  to  permit  a  direct-access  portal  without  a  drop-structure.  This 
alternative  would  require  that  the  transport  tunnel  be  about  1,000  feet 
longer  than  if  it  ended  at  a  drop  structure  under  Lake  Street,  however  this 
would  be  almost  entirely  offset  by  eliminating  the  drop  shaft  and  recon- 
struction of  the  Lake  Street  sewer.  A  terminus  in  the  Presidio  would  also 
provide  the  contractor  with  a  larger  staging  area  and  would  be  considerably 
less  disruptive  to  the  residents  of  the  Richmond  District. 

The  basic  distinguishing  feature  of  each  of  the  three  general  route 
corridors  is  that  a  North  Route  would  maximize  the  portion  of  the  tunnel 
constructed  in  bedrock;  a  South  Route  would  be  predominately  a  soil  tunnel; 
and  a  Direct  Route  would  be  the  shortest,  constructed  principally  in  soil  but 
with  as  much  as  2,500  feet  through  rock. 

Plate  5A  shows  the  location  of  5  subsurface  sections  across  the 
Richmond  District.  Plates  5B  through  5G  present  the  bedrock,  soil  and 
ground  water  conditions  as  interpolated  between  borings  within  the  project 
area.  The  sections  indicate  the  subsurface  features  in  the  three  corridors 
considered  in  the  route  selection  process.  The  Direct  Corridor  is  depicted 
on  Plate  5B,  the  South  Corridor  on  Plates  5C  and  5D,  and  the  North  Corridor 
on  Plates  5E  and  5F.  The  Preferred  Route  is  shown  by  the  subsurface  section 
on  Plate  5G.  The  general  features  and  subsurface  conditions  for  the  cor- 
ridors are  discussed  in  the  following  three  sections,  with  the  Preferred 
Route  discussed  in  section  A. 4. 3. 

Appendix  C,  Construction  Feasibility  and  Preliminary  Cost  Estimate, 
presents  a  detailed  discussion  of  each  route  considering  construction  methods 
and  relative  costs.  The  route  selection  process  by  computer  modeling  is 
presented   in  detail    in  Appendix   B,    and  considers   the   relationship  of  the 
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surface  development  and  subsurface  conditions,  and  presents  the  route  having 
the  best  overall  suitability  for  the  factors  considered. 

4.4.2.1  Direct  Corridor 

The  Direct  Corridor  as  indicated  on  Figure  1  traverses  the  heart  of  the 
western  Richmond  District  residential  area  and  represents  the  shortest 
alignment.  However,  any  tunnel  in  the  Direct  Corridor  would  be  mined  prin- 
cipally in  soil  at  depths  of  up  to  150  feet  below  the  surface,  and  as  much  a 
60  feet  below  the  ground  water  table.  Plate  5B  presents  a  typical  alignment 
through  this  corridor  and  shows  the  soil  and  ground  water  conditions,  as  well 
as  the  bedrock  which  could  make  up  more  than  20  percent  of  the  total  overall 
alignment  length  of  about  9,800  feet  (to  Lobos  Creek). 

Any  tunnel  alignment  in  the  Direct  Corridor  would  pass  beneath  a 
significant  number  of  dwellings,  which  is  a  disadvantage  in  comparison  with 
alignments  in  other  corridors.  In  the  western  portion  of  this  alignment  the 
tunnel  would  be  at  shallow  depths,  which  compounds  the  disadvantages  by 
increasing  the  potential  for  adverse  impact  on  surface  features.  The  poten- 
tial impact  could  be  reduced  by  confining  the  sewer  alignment  to  within  the 
right-of-way  of  the  city  streets. 

Further,  it  is  considered  a  disadvantage  to  have  a  tunnel  partially  in 
soil  and  partially  in  rock,  which  would  necessitate  a  complete  change  over 
in  mining  methods  and  equipment. 

4.4.2.2  South  Corridor 

Of  the  three  corridors,  the  South  Corridor  represents  the  longest 
possible  sewer  alignment.  As  may  be  seen  on  Plates  5C  and  5D  the  South 
Corridor  does  not  have  bedrock  at  an  elevation  which  would  intercept  the 
tunnel  grade,  with  the  possible  exception  of  a  small  area  near  Cabrillo 
Avenue  and  Twenty-fifth  Avenue  where  the  subsurface  data  indicates  a  somewhat 
higher  rock  surface  elevation.  Any  tunnel  alignment  in  this  corridor  would 
be  mined  entirely  in  soil,  with  the  severe  disadvantage  of  being  far  below 
the  ground  water  surface. 

4.4.2.3  North  Corridor 

The  possible  tunnel  alignments  in  the  North  Corridor  would  be  mined 
principally  in  rock  at  considerable  depths  bel  ow  the  surface.  Plates  5E 
and   5F  depict   the   subsurface   conditions   within   the  North  Corridor.  These 
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sections  illustrate  the  significant  rock  cover  over  the  crown  of  any  tunnel 
in  the  North  Corridor,  and  also  indicate  the  areas  where  the  tunnel  align- 
ments would  be  in  soil.  This  corridor  also  contains  a  large  proportion  of 
park  and  military  reservation  land  with  relatively  few  significant  structures 
such  as  Fort  Miley  Veterans  Hospital  and  the  Palace  of  the  Legion  of  Honor. 
The  obvious  advantage  of  this  route  is  the  low  potential  for  surface  dis- 
tress because  of  the  relatively  good  stability  of  a  deep  tunnel  in  rock  and 
the  relatively  few  inhabited  structures  overhead. 

4.4.3    The  Preferred  Route 

Route  selection  for  the  Transport  Sewer  was  based  upon  the  engineering 
criteria  discussed  in  section  4.1.  Using  these  criteria,  and  the  route 
selection  process  outlined  in  section  4.4.1  and  Appendices  B  and  C,  and  based 
upon  the  information  obtained  during  the  three  phases  of  this  investigation, 
we  have  identified  a  Preferred  Route,   shown  on  the  Site  Plan,   Plate  1. 

The  Preferred  Route  appears  to  be  the  best  alternative  from  the  stand- 
point of  comparative  cost  and  potential  effects  on  surface  structures  and 
property.  The  studies  presented  in  Appendix  B,  Route  Selection  by  computer 
modeling  (GIMS),  and  Appendix  C,  Construction  Feasibility/Preliminary  Cost 
Estimate,  both  concluded  that  the  most  suitable  route  for  the  tunnel  should, 
where  possible,  be  mined  in  rock  rather  than  in  soil,  and  should  follow  an 
alignment  under  undeveloped  park  land  as  opposed  to  residential  areas. 

Subsurface  soil  conditions  and  geologic  conditions  along  the  Preferred 
Route  are  shown  on  the  interpretive  Subsurface  Sections,  Plates  5G  and  6C. 
Consideration  of  the  environmental  impact  of  the  tunnel  construction  was 
beyond  the  scope  of  this  investigation;  however,  it  is  our  opinion  that  the 
environmental  impact  of  the  Preferred  Route  will  compare  favorably  with  that 
of  alternative  routes. 

The  Preferred  Route  is  approximately  11,100  feet  long.  It  may  be 
divided  into  three  parts  based  on  the  differences  in  subsurface  conditions 
and  construction  methods.  Plate  1  indicates  the  portions  of  the  alignment 
for  each  of  the  three  different  types  of  construction,  and  they  are  described 
below: 
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A.     Cut  and  cover  in  dune  and  beach  sands 


Beginning  at  the  intersection  of  Fulton  Street  and  the  Great 
Highway,  the  sewer  would  run  north  for  about  2,000  feet  along  the 
east  edge  of  the  Great  Highway  to  a  point  near  the  steep  bluffs  on 
the  south  side  of  Sutro  Heights  Park.  The  ground  surface  elevation 
gently  rises  from  about  +12  feet  at  Fulton  Street  to  about  +20  feet 
at  the  northern  end  of  the  Great  Highway,  which  is  about  400  feet 
north  of  Balboa  Street.  This  portion  of  the  sewer  would  be  entire- 
ly in  dune  or  beach  sands.  Construction  would  probably  be  by 
conventional  cut-and-cover  methods.  The  water  table  may  have  to  be 
lowered  by  several  feet  along  this  open  excavation. 

B.     Tunneling  in  Rock 

At  the  end  of  the  cut-and-cover  section,  the  sewer  would  make 
a  right  (northeasterly)  turn  and  a  tunnel  portal  constructed  in 
rock  at  the  base  of  the  Sutro  Heights  bluffs.  The  bedrock  surface 
slopes  rather  steeply  in  this  area,  thus  the  length  of  mixed-face 
conditions  would  be  relatively  short:  possibly  as  short  as  30 
feet,  depending  on  the  specific  location  and  diameter  of  the 
sewer. 

From  this  point,  the  sewer  would  be  excavated  through  bedrock 
in  a  straight  line  for  about  7,900  feet  to  a  point  beneath  El 
Camino  del  Mar,  then  turning  right  (easterly)  again,  the  tunnel 
would  transition  from  rock  to  soil  beneath  El  Camino  del  Mar 
between  27th  and  28th  Avenues.  All  of  the  rock  types  described 
in  this  report  are  likely  to  be  encountered  with  the  possible 
exception  of  limestone.  The  ground  surface  elevation  rises  abrupt- 
ly from  about  +20  feet  at  the  Great  Highway  to  over  +160  feet  in 
Sutro  Heights  Park.  The  ground  surface  then  rises  more  gently  to  a 
maximum  elevation  of  about  +360  feet  in  Lincoln  Park  near  the 
midpoint  of  the  tunnel  and  then  falls  to  about  +115  feet  at  the 
east  end  of  this  part  of  the  tunnel  at  El  Camino  del  Mar. 

At  48th  Avenue  about  midway  between  Geary  Boulevard  and  Anza 
Street,  the  sewer  would  pass  over  the  Mile  Rock  Tunnel.  At  this 
point  Mile  Rock  Tunnel  has  a  crown  elevation  of  +0.3  feet. 
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C.     Tunneling  in  Soil 

At  El  Cainino  del  Mar,  between  27th  and  28th  Avenues,  the  tunnel  is 
expected  to  pass  from  rock  to  soil.  Based  on  the  estimated  bedrock 
slope  interpolated  between  Borings  26  and  31,  the  length  of  mixed- 
face  conditions  will  probably  be  between  40  and  60  feet. 

From  this  point,  the  sewer  would  be  a  tunnel  excavated  entirely  in 
soil,  about  1,200  feet  long,  running  due  east  under  El  Camino  del 
Mar  and,  upon  reaching  Lincoln  Boulevard,  curving  slightly  south  to 
a  portal  adjacent  to  Lobos  Creek  in  the  Presidio.  The  ground 
surface  elevation  slopes  downward  from  about  +115  feet  to  +80  feet 
easterly  along  El  Camino  del  Mar,  dropping  to  about  +35  feet  at  the 
portal  area  near  Lobos  Creek.  Colluvium,  dune  sand  and  Colma  sand 
would  be  encountered  plus  some  manmade  fill  under  Lincoln  Boul- 
evard. The  water  table  would  have  to  be  lowered  by  5  to  60  feet 
along  this  part  of  the  tunnel  during  construction.  At  the  Lobos 
Creek  crossing,  a  modification  of  the  existing  creek  conduit 
beneath  Lincoln  Boulevard  would  probably  be  necessary.  The  exist- 
ing concrete  box  culvert  at  this  point  has  an  invert  elevation 
about  +26  feet  and  a  crown  elevation  of  about  +32  feet. 

4.5    Recommendations  for  Construction 

4.5.1    Western  Terminus  -  Construction  in  Open  Cut 

Regardless  of  the  route  chosen,  construction  of  the  sewer  in  the 
vicinity  of  the  western  end  would  probably  be  done  in  open  cut  since  the 
ground  surface  elevation  at  Fulton  Street  and  the  Great  Highway  is  only  about 
+12  feet.  Construction  by  open  cut  would  be  practical  from  Fulton  Street  to 
the  base  of  the  Sutro  Heights  bluffs,  about  2,000  feet  along  the  Preferred 
Route.  For  alternative  alignments  the  length  that  could  be  constructed  in 
open  cut  would  depend  upon  the  change  in  ground  surface  elevation  and/or  the 
nature  of  the  surface  usage;  for  instance  an  alignment  in  the  Direct  corridor 
would  encounter  existing  residential  housing  within  two  blocks. 

As  shown  on  Plate  4,  very  little  dewatering  would  be  necessary  along 
the  Great  Highway;  somewhat  more  would  be  required  for  a  route  proceeding 
easterly  along  Fulton  Street.  In  any  case,  the  soils  to  be  dewatered  would 
be  dune  sand  and  a  conventional  dewatering  system  could  be  used. 
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4.5.2    Tunnel  Excavated  in  Soil 

Along  the  Preferred  Route  an  excavated  tunnel  in  soil  would  be  needed 
from  just  east  of  Lobos  Creek,  under  Lincoln  Boulevard,  and  under  El  Camino 
del  Mar  to  between  27th  and  28th  Avenues,   a  total  of  about  1,200  feet. 

On  the  east  side  of  the  Lobos  Creek  culvert  a  portal  would  be  con- 
structed in  or  near  the  Lincoln  Boulevard  embankment .  Depending  upon  the 
location  of  the  portal,  about  the  first  200  feet  of  tunnel  would  be  through 
manmade  fill.  The  nature  of  this  fill  is  not  known,  but  is  probably  primar- 
ily dune  sand.  Some  boulders  have  been  observed  on  the  exterior  slopes 
of  this  embankment,  but  it  is  not  known  whether  or  not  boulders  or  other 
debris  are  included  in  the  fill.  Prior  to  construction  of  the  embankment 
(construction  drawing  dated  1942)  Lincoln  Boulevard  crossed  Lobos  Creek  on  a 
reinforced  concrete  bridge  about  100  feet  west  of  the  present  crossing. 
The  bridge  was  demolished  for  construction  of  the  embankment,  but  it  is  not 
known  whether  or  not  the  bridge  footings  were  removed.  The  footings  are 
about  5  feet  by  5  feet  in  size  and  if  not  removed  during  construction  of  the 
embankment  several  footings  would  probably  be  encountered  by  the  tunnel 
excavation. 

Beneath  El  Camino  del  Mar,  the  tunnel  would  be  in  dune  sand  for  about 
500  feet,  then  Colma  sand  for  another  500  feet.  Rock  would  be  encountered 
between  27th  and  28th  Avenue,  and  it  is  expected  that  several  feet  of  collu- 
vium  overlies  the  rock  surface. 

Along  El  Camino  del  Mar,  dewatering  may  be  accomplished  by  dewatering 
wells  drilled  from  the  ground  surface.  The  number  and  spacing  of  wells  will 
depend  on  the  elevation  of  the  tunnel.  For  an  invert  elevation  of  approx- 
imately +30  feet  where  the  tunnel  crosses  Lobos  Creek,  the  ground  water  would 
have  to  be  drawn  down  about  5  feet  to  permit  reconstruction  of  the  creek 
culvert.  From  Lobos  Creek  westward  the  ground  water  would  have  to  be  drawn 
down  by  a  steadily  increasing  amount  as  shown  on  the  Subsurface  Section, 
Plate  5G,  ultimately  requiring  a  maximum  drawdown  of  about  60  feet  at  28th 
Avenue . 

For  a  southern  route  or  the  soil  portions  of  a  direct  route,  it  is 
probable  that  a  tunneling  machine  would  be  used.     For  the  Preferred  Route  the 
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soil  tunnel  may  be  too  short  to  justify  mobilization  of  a  tunneling  machine, 
and  it  is  more  likely  that  the  soil  tunnel  would  be  shield-driven  or  hand 
excavated  using  forepoling.  Additional  discussion  of  the  construction 
feasibility  of  a  direct  route  and  south  route  is  given  in  Appendix  C.  Both 
routes  are  considered  uneconomical  at  this  time  due  to  the  problem  of  con- 
trolling the  ground  water.  It  has  been  assumed  in  Appendix  C  that  a  combin- 
ation of  deep  wells  and  compressed  air  inside  the  tunnel  would  be  used 
for  either  route.  An  earth-pressure  balanced  type  shield  can,  in  theory, 
bore  a  soil  tunnel  without  the  need  of  lowering  the  ground  water  level. 
However,  this  type  of  machine  has  not  been  demonstrated  under  conditions 
involving  more  than  100  feet  of  head  such  as  is  the  case  for  a  south  or 
direct  route.  For  the  direct  route,  dewatering  from  the  surface  would  be 
particularly  difficult  since  it  would  be  necessary  to  occupy  many  private 
properties  to  set  up  an  effective  dewatering  system. 

It  is  recommended  that,  if  a  south  route  is  adopted,  the  tunnel  be 
centered  under  one  of  the  avenues  for  the  north-south  portion  and  kept  within 
Golden  Gate  Park  for  the  east-west  portion,  thereby  minimizing  the  risk  of 
surface  subsidence  to  private  property.  If  a  direct  route  is  chosen,  it  will 
not  be  possible  to  avoid  passing  beneath  private  property.  Along  a  direct 
route,  there  is  insufficient  depth  of  cover  west  of  44th  Avenue  to  safely 
proceed  under  private  properties  without  grouting  or  freezing  the  soil, 
therefore,  if  the  direct  route  is  chosen  it  is  recommended  that  the  alignment 
turn  south  at  44th  Avenue  and  run  to  Golden  Gate  Park,  and  then  west  to  the 
Great  Highway. 

4.5.3    Tunnel  Excavated  in  Rock 

As  discussed  in  the  Site  Geology  and  the  Excavation  Characteristics, 
sections  2.5  and  4.2  respectively,  the  rock  conditions  will  vary  substan- 
tially along  the  Preferred  Route  alignment.  While  some  of  the  more  competent 
rock,  such  as  the  Great  Valley  sandstone,  would  be  amenable  to  excavation  by 
a  full-faced  tunnel  boring  machine,  it  is  not  considered  feasible  to  use  such 
a  machine  through  the  weaker  material,  particularly  the  melange.  Thus  the 
use   of   a    tunnel    boring   machine    for   a   northern   route    is   not  recommended. 

On  the  other  hand,  the  weaker  material  could,  in  part,  be  well  suited 
to  excavation  by  a  boom  excavator  or  pneumatic  spades,   as  discussed  in  the 
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Excavation  Characteristics  section.  In  the  melange  zone  it  will  be  desir- 
able, insofar  as  possible,  to  avoid  excavation  by  blasting.  In  very  weak 
material  such  as  the  melange,  blasting  could  cause  undesirable  loosening  of 
the  surrounding  rock,  resulting  in  excessive  overbreak  and  increased  sta- 
bility problems. 

Disposal  of  spoil  and  ground  water  will  present  problems  that  are 
beyond  the  scope  of  this  report.  It  should  be  borne  in  mind,  however,  that 
disposal  of  ground  water  collected  by  the  tunnel  may  not  be  an  insignificant 
problem.  It  is  quite  possible  that  water  quality  standards  may  not  allow 
direct  discharge  to  the  ocean  without  treatment  to  reduce  turbidity.  Such  a 
contingency  should  be  provided  for  during  project  planning. 

An  important  aspect  of  excavating  the  tunnel  through  rock  will  be  the 
manner  in  which  the  contract  and  specifications  are  written.  Because  the 
ground  support  requirements  are  expected  to  vary  considerably  over  short 
distances,  it  is  recommended  that  a  support  system  be  specified  which 
will  be  adaptable  to  changing  conditions.  It  is  imperative  that  an  efficient 
construction  monitoring  program  be  incorporated  into  the  contract  documents 
to  provide  a  basis  for  the  decision-making  process  during  the  construction 
period . 

It  is  recommended  that  a  target-type  of  contract  be  used  rather  than  a 
fixed-price  type  of  contract.  In  addition  we  recommend  that  an  independent 
consultant  with  broad  contractor's  experience  in  tunneling  be  engaged  during 
preparation  of  the  specifications  and  other  contract  documents. 

4.6    Construction  Monitoring 

The  following  sections  discuss  the  general  types  of  construction 
monitoring  recommended  for  this  project.  Specific  recommendations  for  the 
monitoring  systems  can  be  provided  during  the  final  design  stages. 

4.6.1    Settlement  Monitoring 

Settlements  will  probably  occur  during  tunneling  construction  in  soil, 
and  may  also  occur  adjacent  to  open-cut  construction  in  soil.  The  magnitude 
and  locations  of  such  settlement  will  depend  on  several  factors  such  as  soil 
type,  construction  procedures  and  workmanship,  the  amount  of  dewatering,  the 
dimensions  of  the  sewer  and  its  depth  below  the  ground  surface. 
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The  settlement  survey  program  should  be  initiated  well  before  the  start 
of  construction  operations  to  obtain  reliable  baseline  data.  In  addition, 
settlement  readings  should  be  continued  after  completion  of  the  tunnel,  as 
construction  related  settlements  may  occur  a  considerable  time  after  the  work 
is  completed. 

We  recommend  that  at  least  two  settlement  markers  be  established  on 
every  structure  that  is  within  100  feet  of  the  sewer  centerline  where  the 
tunnel  is  in  or  near  soil.  If  the  northern  portal  is  located  near  Lobos 
Creek,  it  may  be  desirable  to  monitor  the  homes  between  Lobos  Creek  and  West 
Clay  Street  as  well,  since  this  area  is  currently  subject  to  slope  creep  and 
any  existing  structural  damage  should  be  well  documented. 

When  the  settlement  marks  are  established,  a  careful  crack  survey 
should  be  made  of  each  structure  as  well.  If  the  Preferred  Alignment  is 
chosen,  particular  care  should  be  taken  with  this  crack  survey  for  homes 
along  El  Camino  del  Mar  between  29th  and  31st  Avenues,  as  well  as  on  West 
Clay  Street  as  previously  noted.  Additional  settlement  marks  should  be 
placed  on  nearby  structures  where  difficult  construction  conditions  are 
expected.  These  areas  of  difficult  construction  include  transition  zones 
from  rock  to  soil,  the  portal  areas,  and  areas  where  the  tunnel  is  at  shallow 
depths  below  the  ground  surface. 

In  addition  to  settlement  marks  on  nearby  structures,  a  series  of  marks 
on  the  ground  surface  should  be  established  at  100  foot  spacing  along  the 
sewer  centerline  and  50  feet  to  either  side  where  the  tunnel  is  located  in 
soil  beneath  the  streets  or  private  property.  Markers  are  not  recommended 
where  the  alignment  is  in  rock  or  under  park  land.  For  open  cut  with  a 
braced  excavation,  the  shoring  should  be  monitored  for  vertical  and  lateral 
movement . 

4.6.2    Ground  Water  Monitoring 

Where  dewatering  is  required,  the  ground  water  level  should  be  moni- 
tored to  determine  the  water  level  along  the  sewer  alignment  and  in  areas 
adjacent  to  the  construction.  This  monitoring  program  should  include  instal- 
lation of  simple  standpipe  piezometers,  and  provisions  for  reading  and 
evaluation  of  results.  The  water  discharged  from  the  wells  should  also  be 
monitored  to  ensure  that  fine-gained  soils  are  not  being  removed. 
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4.6.3    Geology  and  Ground  Support  System  Monitoring 


It  is  strongly  recommended  that  a  full-time  engineering  geologist  be 
made  part  of  the  resident  engineer's  staff  for  a  continuous  and  daily  logging 
of  geological  conditions  as  encountered  during  construction.  This  log  may  be 
useful  for  anticipating  subsurface  conditions  ahead  of  the  excavation  and 
may  also  be  made  part  of  the  contractual  basis  from  which  payment  to  the 
contractor  is  determined. 

The  engineering  geologist  should  also  be  responsible  for  monitoring  the 
ground-support  system  interaction.  In  addition  to  visual  observations,  it 
will  be  necessary  to  monitor  this  interaction  by  a  reasonable  instrumentation 
program.  This  program  should  include  tape  extensometer  points  to  measure 
closure,    and    weldable    strain    gauges    on    steel   members    in   critical  areas. 

4.6.4  Monitoring  of  Ground  Vibrations 

Rock  blasting  may  produce  undesirable  ground  vibrations  above  or  at 
some  distance  from  the  construction  area.  While  it  is  our  opinion  that 
ground  vibrations  will  not  be  a  serious  problem,  we  recommend  that  vibration 
levels  be  monitored  at  the  surface  when  blasting  beneath  or  near  residential 
private  property,  hospitals,  or  schools.  If  necessary,  the  contractor's 
blasting  program  may  have  to  be  modified  locally  if  the  vibration  levels 
measured  prove  to  be  excessively  high. 

4.6.5  Monitoring  for  Subterranean  Gases 

No  direct  evidence  of  subterranean  gases  was  found  in  any  of  the  test 
borings  and  it  is  our  opinion  that  the  probability  of  encountering  naturally- 
occurring  toxic  or  explosive  gases  during  excavation  is  very  small.  Trace 
quantities  of  an  unidentified  black  "oily  appearing"  substance  were  encount- 
ered in  several  instances  while  drilling  Franciscan  shale.  We  have  had  a 
series  of  analytical  tests  performed  on  this  substance  in  an  attempt  to 
determine  if  it  is  petro-chemical  or  inorganic.  The  results  of  these  tests, 
presented  on  Plate  A-7,  are  open  to  interpretation.  It  is  our  opinion, 
based  upon  the  physical  appearance,  the  high  volatile  percentage  (at  500°C), 
the  carbon/hydrogen  content,  and  the  apparent  lack  of  crystalline  structure, 
that  the  substance  is  probably  organic.  It  was  observed  only  in  very  minute 
quantities,  however,  and  had  no  apparent  odor.  Considering  these  factors,  we 
feel  it  is  unlikely  that  this  substance  is  indicative  of  hazardous  gassy 
conditions . 
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A  greater  possibility  of  gaseous  conditions  probably  exists  from 
manraade  sources  such  as  leaking  natural  gas  pipes  or  service  stations,  but 
this  too  we  consider  relatively  unlikely.  For  purposes  of  classifying 
ground  conditions  for  Cal-OSHA  requirements,  it  is  our  opinion  that  the 
site  should  be  classified  as  "potentially  gassy",  primarily  due  to  its  urban 
location  rather  than  its  geology.  This  classification  will  require  that  gas 
detectors  be  placed  in  the  tunnel  and  other  precautions  may  be  required  by 
code . 

4.7    Recommendations  for  Further  Studies 

Further  explorations  would  be  desirable  before  final  design  recommenda- 
tions are  made  regarding  the  route  selected.  Depending  upon  the  route 
finally  selected,  one  or  more  of  the  following  areas  should  be  investigated 
further. 

Great  Highway  -  It  is  recommended  that  several  shallow  borings  be 
drilled  along  the  Great  Highway  north  of  Fulton  Street  to  obtain  information 
on  the  in-situ  densities  of  the  soil  and  to  monitor  ground  water  levels.  In 
addition,  subsurface  conditions  in  the  immediate  portal  area  of  the  Preferred 
Route  at  the  base  of  the  Sutro  Heights  bluffs  are  not  yet  well-defined. 
An  earlier  study  was  conducted  by  others  for  a  proposed  development  for  the 
former  Playland-At-The-Beach  area,  and  we  recommend  that  the  City  obtain  this 
information  (Lee  and  Praszker,  1972). 

Preferred  Route  -  At  least  4  and  preferably  6  deep  borings  are  recom- 
mended along  the  Preferred  Route  to  better  define  geologic  conditions  at 
certain  locations  in  Lincoln  Park,  the  Seacliff  neighborhood  and  the  area 
near  Clement  and  39th  Avenue.  These  borings  may  result  in  adjustments  to 
the  location  of  the  Preferred  Route. 

Southern  Route  -  If  a  southern  route  is  selected,  it  will  be  important 
to  confirm  that  bedrock  will  not  be  encountered.  For  this  reason  at  least 
one  boring  would  be  needed  in  the  vicinity  of  26th  Avenue  and  Cabrillo 
Street,   where  present   information  indicates   rock  may  be  near   invert  level. 


*California  Administrative  Code,    Title  VIII,    Industrial  Relations;  Division 
of  Industrial  Safety,  Tunnel  Safety  Orders,  Section  8422. 
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Lobos  Creek  -  To  the  best  of  our  knowledge,  there  is  no  subsurface  data 
on  the  Lobos  Creek  area.  If  this  alternate  portal  area  is  selected,  several 
borings  will  be  needed  to  adequately  define  subsurface  conditions.  In 
particular,  borings  are  needed  in  Lincoln  Boulevard  to  determine  the  compos- 
ition of  the  fill  embankment  over  Lobos  Creek.  As  mentioned  before  this 
embankment  may  contain  large  obstructions  left  behind  from  the  former  con- 
crete bridge  which  spanned  Lobos  Creek. 

Direct  Route  -  If  a  direct  route  is  selected,  additional  borings  will 
be  needed  to  determine  more  precisely  where  the  tunnel  will  enter  and  leave 
bedrock  and  the  type  of  bedrock  present. 

El  Camino  del  Mar  -  Additional  borings  will  be  needed  near  the  north- 
westernmost  corner  of  Block  1331  to  better  define  the  subsurface  conditions 
where  the  transition  from  soil  to  bedrock  is  expected. 

Pump  Tests  -  Depending  upon  the  location  of  the  final  alignment,  an 
extensive  dewatering  program  will  probably  be  required.  We  recommend  that 
a  series  of  pump  tests  be  conducted  as  an  aid  to  design  of  an  effective 
dewatering  system. 

Any  final  alignment  selected  which  differs  from  those  specifically 
investigated  by  this  report  will  require  further  studies.  While  we  do  not 
expect  subsurface  conditions  anywhere  in  the  study  area  to  be  markedly 
different  from  the  conditions  described  in  this  report,  it  will  be  neces- 
sary to  confirm  this  as  well  as  to  determine  the  locations  at  which  the 
tunnel  will  pass  from  one  soil  or  rock  type  to  another.  Final  recommenda- 
tions  for  further   study  must  wait  until  a  final  sewer  alignment   is  chosen. 
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5.0  CONCLUSIONS 

5.1  Preferred  Route  Alignment 

It  is  our  opinion,  based  on  the  results  of  the  geotechnical  investiga- 
tion and  route  selection  study,  that  it  is  feasible  to  construct  the  proposed 
Richmond  Transport  Sewer,  and  that  the  Preferred  Route  presents  the  least 
potential  construction  impact  on  the  residents  and  facilities  of  the  Richmond 
District.  The  investigation,  analyses,  and  route  selection  study  show  the 
Preferred  Route  through  the  Northern  Corridor  with  the  eastern  terminus  at 
the  Lobos  Creek  area  of  the  Presidio  to  be  the  most  beneficial  with  respect 
to  cost,  engineering  and  construction  feasibility. 

The  overall  length  of  the  sewer  along  the  Preferred  Route  would  be 
about  11,100  feet.  The  principal  engineering  feature  of  this  route  is 
construction  of  a  9,100  foot  long  tunnel  of  which  about  7,900  feet  will  be  in 
rock  and  about  1,200  feet  in  soil.  The  sewer  would  pass  under  the  Sutro 
Heights  Park,  Lincoln  Park,  and  the  Seacliff  area  as  shown  on  Plate  1.  In 
the  Seacliff  area,  where  the  tunnel  transitions  from  rock  into  soil,  the  Pre- 
ferred Alignment  runs  beneath  El  Camino  del  Mar,  with  the  portal  at  the  Lobos 
Creek  area  of  the  Presidio.  The  western  portion  of  the  route,  about  2,000 
feet,  would  be  cut-and-cover  construction  along  the  Great  Highway  with  the 
tunnel  portal  located  in  the  base  of  the  bluffs  at  Sutro  Heights  Park. 

Subsequent  review  and  environmental  impact  studies  must  be  completed 
before  the  design  alignment  can  be  finalized.  These  studies  may  indicate 
that  adjustment  or  modification  of  the  Preferred  Route  is  necessary;  how- 
ever, it  is  the  conclusion  of  this  study  that  a  final  alignment  is  unlikely 
to  be  chosen  through  the  direct  or  southern  corridors. 

The  following  Plates  and  Appendices  are  attached  and  complete  this 
report. 

Plate  1  Site  Plan  With  Preferred  Tunnel  Route 

Plate  2  Bedrock  Surface  Contours 

Plate  3  Bottom  of  Dune  Sand  Contours 

Plate  4  Contours  of  Estimated  Ground  Water 

Surface 
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Plate  5A  Location  of  Subsurface  Sections 

Plate  5B  Sub-Surface  Section,  Section  F-B 

Direct 

Plate  5C  Sub-Surface  Section,  Section  F-E 

Fulton  Street 

Plate  5D  Sub-Surface  Section,  Section  E-C 

26th  Avenue 

Plate  5E  Sub-Surface  Section,  Section  D-A, 

Lincoln  Park  -  Lake  Street 

Plate  5F  Sub-Surface  Section,  Section  F-D, 

48th  Avenue  -  Lincoln  Park 

Plate  5G  Subsurface  Profile  Along  Preferred  Route 

Plate  6A  Geologic  Map  of  Western  Richmond 

District 

Plate  6B  Generalized  Geology  at  Tunnel  Invert 

Level 

Plate  6C  Interpretive  Cross  Section  of  Bedrock 

Geology  Along  Preferred  Tunnel  Route 

Plate  7A  Rose  Diagram  of  Bedding  in  Graywacke 

West  of  Phelan  Beach 

Plate  7B  Rose  Diagram  of  Faults,  Fractures  and 

Shear  Zones  in  Graywacke  West  of 
Phelan  Beach 

Plate  7C  Rose  Diagram  of  Bedding  in  Graywacke 

East  of  Phelan  Beach 

Plate  7D  Rose  Diagram  of  Faults,  Fractures  and 

Shear  Zones  in  Graywacke  East  of 
Phelan  Beach 

Plate  8  Major  Active  or  Potentially  Active 

Faults  in  the  San  Francisco  Bay  Area 

Plate  9  Reported  Epicentral  Locations  (1808-1976) 

Plate  10A  Exceedance  Probabilities:  Soil  Equation 

Plate  10B  Exceedance  Probabilities:  Rock  Equation 

Plate  11  Results  of  the  One-Dimensional  Soil 

Column  Analysis 
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Plate  12A 


Plate  12B 


Appendix  A 
Appendix  B 
Appendix  C 
Appendix  D 


Liquefaction  Potential  and  Normalized 
Penetration  Resistance  Values  for  the 
Great  Highway  Area 

Liquefaction  Potential  and  Normalized 
Penetration  Resistance  Values  for 
Fulton  Street/North  Golden  Gate 
Park  Area 

Subsurface  Soil  and  Rock  Types;  Field 
Explorations  and  Laboratory  Testing 

Route  Selection  by  Computer  Modeling 
(GIMS) 

Construction  Feasibility  and  Preliminary 
Cost  Estimates 

Seismic  Analyses 

Respectfully  Submitted, 

DAMES  &  MOORE 


Joseph  J.  Jeno 
Partner 


William  C.Wood 
Associate 


Job  No.  185-131 
March  9,  1979 
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^   BORINGS  DRILLED  FOR  THIS  INVESTIGATION 
4    ,LS^II0;i  0F  0LD  WELLS  H1TH  RECORDED  GROUND 
WATER  LEVELS  AND  BORINGS  DRILLED  BY  OTHERS 


NOTES: 

1)  CONTOURS  ARE  BASED  ON  LIMITED  DATA 
AND  ARE  SUBJECT  TO  REVISION. 
CONDITIONS  IN  THE  FIELD  MAY  DIFFER 
FROM  THAT  SHOWN  ABOVE 

2)  GROUND  WATER  ELEVATIONS  SHOWN  ARE 
BASED  ON  HISTORICAL  NELL  DATA  AND 
WATER  LEVELS  MEASURED  IN  THE  BORINGS 

3)  DATUM  USED  IS  CITY  AND  COUNTY  OF 

SAN  FRANCISCO   (0  ■  MSL  +  8,616  FEET) 
1)    A  LOW  PIEZOMETR1C  LEVEL  HAS  BEEN 
RECORDED  IN  BORING  13.  SEE  TEXT  FOR 
EXPLANATION. 


CONTOURS  OF  ESTIMATED 
GROUND  WATER  SURFACE 
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PLATE   5 A 
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JRFACE  SECTIONS 


:tion  f-b  direct 
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>0    400  500 


VERTICAL  SCALE!  l"=  40' 
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PLATE  5B 


1)  Ml*  BETWEEN  BORIHGS  II  IDTEKPOLATEDi 
CONDITIONS  IN  THE  FIELD  WY  DIFFER 
FROft  THAT  SHOWN  ABOVE 

2!  SEE  PLATE  5A  FOR  LOCATION  OF  SECTION. 


SECTION  F-B  DIRECT 


PLATE  SB 


E 

 200 
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SUB  -  SURFACE  SECTION 

SECTION  F-E  FULTON  STREET 


HORIZONTAL   SCALE!  l"=400' 
100      0       100    200    300    400  500 


VERTICAL  SCALE!  l"=  40' 
10        0       10      20      30      40  50 


SUB  -  SURFACE  SECTION 

SECTION  E-C  26th  AVENUE 


HORIZONTAL   SCALE:  l"=  400' 
100      0       100    200    300    400  500 


VERTICAL  SCALE.  f=  40' 
10        0       10      20      30      40  50 


DAMES  B  MOOR! 


PLATE  5D 
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SUB -SURFACE  SECTION 


SECTION  D-A,  LINCOLN  PARK-  LAKE  STREET 


HORIZONAL  SCALE.'  l"=  400' 
100      0       100    200    300    400  500 


VERTICAL  SCALE:  l"=40' 
10        0       10      20      30      40  50 
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DUNE  SAND 


BEDROCK  PROFILE 
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SUB  -  SURFACE  SECTION 

SECTION  F-D,  48th AVENUE- LINCOLN  PARK 


HORIZONTAL   SCALE!  l"=400' 
I0O      0       I00    200    300    400  500 


VERTICAL  SCALE.'  l"=  40' 
I0       0       10      20      30      40  50 


DAMES  B  MOOR* 


PI  ATF  5F 


240 


[QafI  artificial  fill 

.[beach]  modern  beach  deposits 

@d]  dune  sand 

ge]  colma  formation 

great  valley  sequence 

[Kssl  SANDSTONE 

[KshI  SILTSTONE  AND  SHALE  INTERBEDS 


r_-r--r  THRUST  FAULT,  SAWTEETH  IN  UPPER  PLATE 


CK  BY 


ERIC 
McHU 


GEOLOGIC  MAP  OF  WESTERN 
RICHMOND  DISTRICT 


400 


FEET 

0  400 


800 


DAMES  B  MOORE 


PI  iTF  6A 


ARTIFICIAL  FILL 
MODERN  BEACH  DEPOSITS 
DUNE  SAND 
COLKA  FORMATION 

GREAT  VALLEY  SEOUENCE 
[fig  SANDSTONE 

[Ksil     SILTSTONE  AND  SHALE  INTERBEDS 

FRANCISCAN  ASSEMBLAGE 
liOsil  GRAYWACKE 
IHssl  GREENSTONE 
[KJcl  CHERT 
IETspI  SERPENTINE 
fiejiiij  MELANGE 
iKjiTI    METAHORPHIC  ROCK 
[kJlsI  LIMESTONE 
FAULT 

THRUST  FAULT.  SAWTEETH  IN  UPPER  PLATE 
GEOLOGIC  CONTACT 


GOLDEN 


REVISIONS 

DESCRIPTION 

DATF 

k 

CK  BY  . 

r/ufrt 

J£C> 

GEOLOGIC  MAP  OF  WESTERN 
RICHMOND  DISTRICT 


PLATE  6A 


ROCKS  OF  THE  GREAI>5  ,24 
VALLEY  SEQUENCE  f(— 


I 


I 


DUNE  SAND 


/  COLMA 
/  FORMATION 


/ 


/ 


LEGEND : 

,?•—?— FAULT:    DASHED,  QUER 

«^7- GEOLOGI C  CONTACT: 
QUERIED   WHERE  INFE 


♦  NOTE: 

\  FOR    DETAILED  DESCRIPTIONS 

\   \  OF    SOIL    AND    ROCK  UNITS, 

V    \  REFER    TO    SECTION    2.0  OF 

^\  TEXT   ON    SITE  CONDITIONS 


)GY  AT  TUNNEL  INVERT  LEVEL 


ooo 


PLATE  6B 


ROCKS  OF  THE  FRANCISCAN  ASSEMBLAGE 


ROCKS  OF  THE  GREAT 
VALLEY  SEQUENCE 


\     \  FOR   DETAILED  DESCRIPTIONS 

\   \  OF   SOIL   AND   ROCK  UNITS, 

<.    \  REFER   TO    SECTION    2.0  OF 

\  \  TEXT   ON   SITE  CONDITIONS 


LEGEND  t 

FAULT!    DASHED,  QUERIED   WHERE  INFERRED 

.,,">- GEOLOGIC   CONTACT  i  DASHED, 
QUERIED   WHERE  INFERRED 


GENERALIZED  GEOLOGY  AT  TUNNEL  INVERT  LEVEL 


'LESS   THAN   30   FEET   ROCK  COVER 


PLATE  6B 
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APPROXIMATE  LOCATION  OF  TUNNEL, 
INVERT  USING  GRADIENT  =  .002 


300 


200 


100 


GEOLOGIC  NOTES: 

1.  SILTSTONE-SHALE  &  CHERT  INTERBEDS  shown  here 

ARE  PROJECTIONS  ONTO  THE  CROSS  SECTION  OF  FEATURES 
OBSERVED  ALONG  THE  COAST,  WHETHER  THESE  SAME 
FEATURES  CONTINUE  TO  HERE  IS  NOT  CERTAIN  BUT  SIMIL 
FEATURES  MAY  BE  ENCOUNTERED  ALONG  THE  TUNNEL  ROUTE 

2.  THIS  MELANGE  ZONE  appears  to  be  composed  of  a       e  zone 

SERIES  OF  SOUTHWEST  DIPPING  THRUST  SHEETS  AND  TECTj 
SLABS,  THE  ZONE  IS  CHARACTERIZED  BY  MASSIVE  TECTONfJHALE  MATRIX 
INCLUSIONS  SEPARATED  BY  MINOR  SHALE  MATRIX  AND        ,  MCIONS  mFRIVFTI 
SERPENTINE  PODS.  THREE  THRUST  SHEETS  WERE  [DENT I F I uric r  am  accemdiucc 
IN  THE  FIELD;  HOWEVER,   IT  IS  CONSIDERED  LIKELY  THM!uiuw  ftobtPlBLAbt 

others  exist.  1  VALLEY  SEQUENCE 

3.  THIS  MELANGE  ZONE  was  mapped  on  the  basis  of  a  dif| 

IN  THE  CHARACTER  OF  THE  GRAYWACKE  ON  EITHER  SIDE, 
PRESENCE  OF  EXOTIC  BLOCKS  (LIMESTONE)   IN  THE  ZONE 
THE  PRESENCE  OF  A  SHEAR  ZONE  IN  BORING  27.  THE  EXA 
ATTITUDE  AND  WIDTH  ARE  NOT  CERTAIN;  HOWEVER,  AN  EA 
LOW  ANGLE  DIP  APPEARS  MOST  LIKELY. 

1.   THIS  MELANGE  ZONE  is  characterized  by  sheared  sha 

WITH  UP  TO  10Z  TECTONIC  INCLUSIONS.  THESE  INCLUSI 
COMMONLY  COBBLE  TO  BOULDER  SIZE  BUT  RANGE  UP  TO  2 
IN  SIZE. 


NOTE: 

FOR  LOCATION  OF  CROSS  SECTION,  REFER  TO  PLATE  6B. 

INTERPRETIVE  CROSS  SECTION 
OF  BEDROCK  GEOLOGY 
ALONG  PREFERRED  TUNNEL  ROUTE 


Dl  ATP-  fir 


SEE  GEOLOGIC 


-  B-30 

 CO 

i 

9 

CO 

GREAT  VALLEY  SEQUENCE 


INTERPRETIVE  CROSS-SECTION   OF   BEDROCK    GEOLOGY   ALONG   PREFERRED   TUNNEL  ROUTE 


:iLT"oe-9*LE  t  Ofjn  urTEraois  s*o«  here 

are  rro^ectiows  onto  t*e  cross  section  of  features 
»m*ve;  alms  tk  coast.  mutther  these  same 
'u:*»  continue  to  here  is  not  certain  6ut  similar 
-■■->'.-•■-.  mi  K  Encquntereii  along  the  Tunnel  route. 

HI  ^ZlXSE  Z»€  ARREARS  TO  IE  COMMIES  OF  A 

ur its  c*  ieuT*MeiT  dip*:*  thrust  sheets  and  tectonic  i 

(LAM.  TMt  ZONE  IS  CHARACTERIZED  ST  MASSIVE  TECTONIC  { 
inclusions  separated  a*  n i nor  Shale  matrix  and 
■HJlRl  ROOS.  T-*EE  Ml  SHEETS  MERE  IDENTIFIED 
In  T««  F1ELS,  NONtVU,  IT  IS  CMS  IDERES  LIKELY  THAT 
5T*R»  OUT. 

*».!  TiMSC  ZO*  MAS  MAAREC  ON  THE  BASIS  OF  A  DIFFERENCE 
IN  T4  CHARACTER  OF   THE  HinWrl  ON  EITHER  SIDE,  THE 
MtMKI  0*  EROTIC  RLOCU  (LIMESTONE)  tNTM£  ZONE  AND 
•"  '.(-11  0*  R  VMEAR  ZONE  IN  AC*  I "4  27.  THE  EXACT 


PERCENT   RECOVERY   AND   ROCK   QUALITY   DESIGNATION  (ROD) 
VERTICAL   EXAGGERATION  ■  8X 


r  oip  i»u*i  ten  Liatr. 


*    T"1S  KUtKJL JSM.  ii  OMUcraiUi)  »r 

•  IT*  *  Tg  ICS  ItCTWIC  IKUIIIOaf.  Tl 


WASCO  1KALC  WATPli 
T«i£  IHCLUIIQJIf  ME 
»IZ£  BUT  tAJKC  UP  TO  200  PICT 


LEGEND: 

GREAT  VALLEY  SEQUENCE 

f  r      I  Kss  -  SANDSTONE 
I  E3E  Ksm  -  I NTERBEDDED  5ILTST0NE 
AND  SHALE 


GEOLOGIC  CONTACT 
1  DASHED.  QUERIED 
WHERE  INFERRED 


FRANCISCAN  ASSEMBLAGE 

rtaa  *■"«  -  giwwacke  &kjs»  -  !siE«?faaj««f 

■B  KJos  •  GREENSTONE        ^  ^SeItONE 
tffu  I'll  -  SERPENTINEtSO"'  :  "ETAMORPHIC  ROCK 
H       L-  SflAW-GENESLIv  INCLUSIONS  OF  THE  ABOVE 
IN  A  SHEARED  SHALE  MATRIX 


'  FAULT-DASHED  I    LOCATION  OF  BOREHOLE  OR 

QUERIED  WHERE  INFERRED      I    PROJECTION  OF  BOREHOLE  ON 
CROSS  SECTION 


crrr  college  fault  I?)  -  melange  zone 

f  fi«B  MELANGE-SHALE  MATRIX 

WITH  INCLUSIONS  DERIVED 
(  FROM  FRANCISCAN  ASSEMBLAGE 

AND  GREAT  VALLEY  SEQUENCE 


LZfc 


FOR  LOCATION  OF  CROSS  SECTION.  REFER  TO  PLATE  6B. 

INTERPRETIVE  CROSS  SECTION 
OF  BEDROCK  GEOLOGY 
ALONG  PREFERRED  TUNNEL  ROUTE 


PLATE  6C 


notes: 

1)  23  data  points 

2)  each  ring  represents  one  observation 


ROSE  DIAGRAM  OF  BEDDING 

IN  GRAYWACKE  WEST  OF  PHELAN  BEACH 


DAMES  »  MOOM 


PLATE  7A 


N 

0 


DIRECTION  OF 
TUNNEL  ALIGNMENT 


W90 


90  E 


DIRECTION  OF 
TUNNEL  ALIGNMENT 


10 


0 
S 


10 


notes: 

1)  34  data  points 

2)  each  ring  represents  one  observation 

ROSE  DIAGRAM  OF  FAULTS, 
FRACTURES  AND  SHEAR  ZONES 

IN  GRAYWACKE  WEST  OF  PHELAN  BEACH 


PLATE  7B 


notes: 

1)  5  data  points 

2)  each  ring  represents  one  observation 


ROSE  DIAGRAM  OF  BEDDING 

IN  GRAYWACKE  EAST  OF  PHELAN  BEACH 


DAMES  A  MOOR ■ 


PLATE  7C 


DIRECTION  OF 
TUNNEL  ALIGNMENT 


W90 


DIRECTION  OF 
TUNNEL  ALIGNMENT 


90  E 


0 
S 


notes: 

1)  24  data  points 

2)  each  ring  represents  one  observation 

ROSE  DIAGRAM  OF  FAULTS, 
FRACTURES  AND  SHEAR  ZONES 

IN  GRAYWACKE  EAST  OF  PHELAN  BEACH 


DAMES  O  MOOR! 


PLATE  70 


LONGITUDE 

I23°30'  123°  I22°30'  122°  I2I830' 


MAJOR  ACTIVE  OR  POTENTIALLY  ACTIVE  FAULTS  IN  THE 

SAN  FRANCISCO  BAY  AREA 


SOURCE: 

JENNINGS.   C.W.    ET.AL.?    1975.   FAULT  MAP  OF  CALIFORNIA 
WITH  LOCATION  OF  VOLCANOES,   THERMAL  SPRINGS   AND  THERMAL 
WELLS  i   CALIFORNIA  GEOLOGIC  DATA  MAP   SERIES,   MAP  NO.  li 
CALIFORNIA  DIVISION   OF  MINES  AND  GEOLOGY 


PLATE  8 


RICHTER 
MAGNITUDE: 

□  H 

□  5 

□  B 

□  1 

□  " 

REPORTED  EPICENTRAL  LOCATIONS 
(1808-1976) 

NOTE: 

PRE-1930  EPICENTER  LOCATIONS  WERE  OFTEN  REPORTED 

AT  POPULATION  CENTERS.   NOT  AT  THE  ACTUAL  ( INSTUMEMTAL) 

EPICENTER  LOCATION.   SEE  TEXT  FOR  DISCUSSION 
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EXCEEDANCE  PROBABILITIES:  SOIL  EQUATION 

PROBABILITIES  THAT  MAXIMUM  ACCELERATION  LEVELS  WILL  BE 
EXCEEDED  DURING  THE  DESIGN  LIFE  OF  THE  STRUCTURE  COMPUTED 
BY  THE  SOIL  SITE  ATTENUATION  EQUATION. 


NOTE  i 

SEE   APPENDIX   D   FOR  ATTENUATION 
EQUATION  DERIVED   FROM   SOIL  SITES 


PLATE  IOA 
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EXCEEDANCE  PROBABILITIES '.  ROCK  EQUATION 

PROBABILITIES  THAT  MAXIMUM  ACCELERATION  LEVELS  WILL  BE 
EXCEEDED  DURING  THE  DESIGN  LIFE  OF  THE  STRUCTURE  COMPUTED 
BY  THE  ROCK  SITE  ATTENUATION  EQUATION. 


NOTE  : 


SEE   APPENDIX   D  FOR  ATTENUATION 
EQUATION  DERIVED  FROM    ROCK  SITES 
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DAMES  B  MOORE 


PLATE  || 


LIQUEFACTION  POTENTIAL  AND  NORMALIZED 
PENETRATION  RESISTANCE  VALUES 

FOR 

THE  GREAT  HIGHWAY  AREA 


(BLOW  COUNT  DATA  BASED  ON  LEE  AND  PRASZKER »  1972) 

DAMES  e  MOORE 


PLATE  I2A 


LIQUEFACTION  POTENTIAL  AND  NORMALIZED 
PENETRATION  RESISTANCE  VALUES 

FOR 

FULTON  STREET/  NORTH  GOLDEN  GATE  PARK  AREA 


lMIS  B  MOORE 


PLATE  I2B 


APPENDIX  A 
SUBSURFACE  SOIL  &  ROCK  TYPES 

FIELD  EXPLORATIONS  AND  LABORATORY  TESTING 

A1.0     SOIL  TYPES 

Al . 1  General  -  With  minor  exceptions  the  soil  overlying  bedrock  may  be 
classified  into  two  main  types,  dune  sand  and  Colma  Formation  sand.  The 
occurrence  of  these  soil  types  is  widespread  and  is  illustrated  on  the 
Subsurface  Sections,  Plates  5B  through  5G.  The  location  of  the  cross 
sections  is  shown  on  Plate  5A. 

A1.2  Dune  Sand  -  The  surface  layer  of  soil  throughout  essentially  the 
entire  site  is  dune  sand.  Its  thickness  varies  from  zero  to  over  150  feet, 
but  it  is  most  typically  40  to  80  feet  thick.  Dune  sand  is  a  light  brown  to 
yellow-brown  poorly  graded  fine  sand  with  none  to  a  trace  of  fines.*  It  is 
cohesionless ,  medium  dense  to  dense  in  its  natural  state,  and  may  be  classi- 
fied as  pervious  (permeability  of  10-^  cm/sec).  Permeability  test  results 
are  presented  on  Plate  A-5.  Below  the  water  table  it  caves  readily  and  will 
run  into  excavations  unless  fully  restrained.  The  most  notable  character- 
istic of  dune  sand  is  its  remarkable  uniformity.  The  dune  sand  is  expected 
to  have  similar  properties  regardless  of  where  it  is  encountered  in  the  study 
area.  The  range  of  particle  size  is  very  narrow,  as  shown  on  Plate  A-4A, 
predominantly  between  0.2mm  and  0.3mm  in  diameter. 

Dune  sand  does  not  normally  contain  natural  obstructions  such  as 
boulders,  and  occurrences  of  impervious  lenses  such  as  clay  pockets  are 
extremely  rare.  Based  upon  a  total  of  32  strength  tests,  dune  sand  has  an 
average  angle  of  internal  friction  of  approximately  36  degrees  with  a  stand- 
ard deviation  of  about  3  degrees. 

A1.3  Colma  Formation  Sands  -  The  second  major  soil  type  is  the  Colma 
Formation  sands.  The  borings  indicate  that  the  Colma  sands  generally  under- 
lie the  dune  sand  throughout  the  study  area  except  where  dune  sand  directly 
overlies  bedrock. 


*Fines  are  defined  as  soil  particles  which  will  pass  a  #200  sieve  (0.08mm), 
about  the  smallest  that  can  be  seen  with  the  naked  eye. 
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The  Colma  sands  are  generally  brown  to  reddish-brown,  dense  to  very 
dense,  and  fine-grained.  Unlike  the  clean  dune  sands,  the  Colma  sands  are 
generally  somewhat  silty  or  clayey  in  nature.  The  fines  content  is  quite 
variable  and  commonly  ranges  from  3  percent  to  30  percent.  The  median 
particle  size  is  about  the  same  as  for  dune  sand,  but  the  variation  is  some- 
what greater,  as  shown  on  Plate  A-4B. 

In  most  of  the  borings,  the  upper  three  to  ten  feet  of  the  Colma  Forma- 
tion was  found  to  be  quite  silty  or  clayey  with  more  cohesion  than  the  deeper 
material.  This  clayey  matrix  completely  fills  the  voids  between  the  sand 
particles  rendering  the  upper  surface  of  the  Colma  Formation  relatively 
impervious.  Of  26  borings  which  encountered  Colma  sands,  in  only  3  borings 
was  this  clay-rich  layer  not  found  in  the  upper  several  feet  of  the  formation. 

Below  the  upper  three  to  ten  feet  of  Colma  material,  the  sands  are  more 
commonly  silty  rather  than  clayey  in  nature  with  a  variable  fines  content. 
The  Colma  Formation  has  a  distinctive  horizontal  bedding  and  occasional 
layers  of  clayey  sand  were  encountered,  as  were  other  cleaner  layers  with 
only  three  to  five  percent  fines.  Because  of  the  variability  of  fines 
content  found  in  the  Colma  sands,  it  is  expected  that  excavation  would 
encounter  zones  of  greater  or  lesser  permeability  in  an  unpredictable  manner. 
Laboratory  Tests  of  Colma  samples  indicate  a  range  of  permeability  from 
10~3  cm/sec  to  10-^  cm/sec,  as  shown  on  Plate  A-5. 

Based  upon  a  total  of  38  tests,  Colma  sand  has  an  average  angle  of 
internal  friction  of  about  37  degrees  with  a  standard  deviation  of  about 
4  degrees. 

Colma  sand  does  not  ordinarily  contain  any  obstructions  such  as  boulders. 
However,  in  one  or  two  instances  layers  of  colluvium  were  encountered  within 
the  formation  and  colluvium  may  contain  boulders. 

In  several  borings  and  in  certain  outcrops,  Colma  sands  display  seams 
of  weak  cementation  by  reddish  brown  iron  oxide.  The  cementation  is  most 
prevalent   in  the  upper  20  feet   of   the  formation  and  occurs   in   thin  banded 
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layers.  In  Boring  26  the  cementation  and  silty-clay  binder  was  pervasive 
enough  to  permit  coring.  The  strength  of  cementation  is  such  that  it  can  be 
easily  broken  with  the  fingers. 

A1.4  Minor  Soil  Deposits  -  Several  minor  soil  types  were  encountered  in 
addition  to  dune  sand  and  Colma  sand.  They  are  considered  to  have  a  minor 
engineering  significance  for  tunneling  construction  in  the  Northerly  or 
Direct  Routes,  but  not  for  the  South  Route. 

Al.4.1  Colluvium  (Slope  Wash)  -  Most  of  the  borings  encountered 
several  feet  of  colluvium  immediately  overlying  the  bedrock,  although  in 
Boring  18,  40  feet  of  colluvial  material  was  found.  This  material  is  a  light 
brown  or  yellow  fine  sandy  clay  or  clayey  sand  with  varying  amounts  of  rock 
fragments.  Its  consistency  is  generally  very  stiff  to  hard,  and  it  is 
relatively  impervious.  It  is  possible  that  colluvium  may  contain  boulders 
although  none  was  encountered  in  the  test  borings. 

Al.4.2.  Beach  Sand  -  Minor  layers  of  beach  sands  were  encountered  in  a 
few  borings,  most  notably  at  about  Elevation  0  in  Boring  15.  This  occurrence 
may  be  a  sand-filled  sea  cave.  Other  traces  of  beach  sand  found  are  consid- 
ered to  be  localized,  discontinuous  deposits.  It  is  probable  that  beach  sand 
is  present  under  the  Great  Highway.  Beach  sand  is  similar  to  dune  sand  in 
physical  characteristics,  but  slightly  coarser  and  better  graded  from  fine- 
to  medium-grained  sizes.  It  is  cohesionless  and  we  estimate  its  permeability 
to  be  approximately  10~^cm/sec. 

Al.4.3  Lagoon  Deposits  -  Borings  1,3,  and  7  encountered  a  thin  deposit 
of  gray-black  or  greenish-black  silty  clay  at  the  contact  between  dune  and 
Colma  sand.  The  clay  is  plastic  and  stiff  or  very  stiff.  These  layers  are 
probably  discontinuous  lagoon  or  marsh  deposits.  In  other  borings  the  upper 
several  feet  of  the  Colma  Formation  was  also  noted  to  be  colored  dark  gray  or 
black,  probably  as  a  result  of  past  inundation,  but  this  coloration  is  not 
thought  to  have  an  engineering  significance.  These  lagoon  deposits  are 
relatively  impervious  and  may  be  moderately  compressible. 
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Al.4.4  Manmade  Fills  -  The  only  manmade  fills  known  in  the  study  area 
which  may  be  of  significance  to  this  project  are  in  the  highway  embankment 
where  Lincoln  Boulevard  crosses  Lobos  Creek,  and  along  the  Great  Highway  in 
the  former  Playland-At-The-Beach  area.  In  neither  case  were  test  borings 
drilled  to  determine  the  nature  of  the  soil  making  up  the  fill.  It  is  our 
preliminary  opinion  that  the  fill  is  composed  of  dune  sand,  possibly  con- 
taminated with  natural  or  manmade  debris.  Its  density  is  not  known,  but  may 
be  less  than  naturally  occurring  dune  sand.  In  both  cases  it  is  possible  that 
old  concrete  footings  from  demolished  structures  may  be  present. 

A2.0  BEDROCK  TYPES  Two  bedrock  units  and  eight  bedrock  types  have  been 
recognized   in   the   Richmond   District.      These   units  and   rock  types  include: 

FRANCISCAN  ASSEMBLAGE 

-  Graywacke 

-  Interbedded  Siltstone  and  Shale 

-  Serpentine 

-  Greenstone 

-  Chert 

-  Melange 

-  Limestone 

GREAT  VALLEY  SEQUENCE 

-  Sandstone 

-  Interbedded  Siltstone  and  Shale 

The  structural  relations  among  these  rocks  are  discussed  in  Section  2.5  of 
the  main  report,  Site  Geology.  Data  from  detailed  mapping  along  the  coast- 
line and  Lincoln  Park,  together  with  borings  for  this  and  previous  studies, 
have  been  compiled  into  geologic  maps  and  an  interpretive  geologic  profile  on 
Plates  6A,  6B  and  6C. 

A2.1  Franciscan  Assemblage.  Seven  rock  types  of  the  Franciscan  Assemblage 
were  encountered  at  the  site:  1)  graywacke;  2)  interbedded  siltstone  and 
shale;  3)  serpentine;  4)  greenstone;  5)  chert;  6)  melange;  and  7)  limestone. 
Metamorphic  rocks  of  the  blueschist  facies  have  been  identified  by  Schlocker 
(1974)  in  exposures  off  the  coast  but  this  rock  type  was  not  encountered 
during  this  study.  It  is  possible,  however,  that  rocks  of  this  composition 
might   be   encountered   along   the   tunnel   route,    especially   in  melange  zones. 
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A2.1.1  Graywacke  -  The  graywacke  in  this  locality  is  a  well  indurated, 
fine  to  medium  grained  sandstone.  It  is  composed  primarily  of  angular  grains 
of  quartz,  feldspar,  biotite  and  rock  fragments  and  contains  at  least  15 
percent  clay  matrix.  Bedding  is  generally  massive,  on  the  order  of  three  to 
ten  feet  in  thickness;  siltstone  and  shale  interbeds  and  laminations  occur 
locally.  The  graywacke  typically  weathers  to  a  buff  or  light  brown  color 
near  the  bedrock  surface,  grading  to  gray  where  it  is  fresh.  In  some  cases 
the  graywacke  is  highly  fractured  (brecciated) . 

Bedding  in  graywacke  west  of  Phelan  Beach  dominantly  strikes  N10W  to 
N10E  and  dips  20  to  60  degrees  to  the  east,  the  average  dip  is  approximately 
40  degrees.  Bedding  in  graywacke  east  of  Phelan  Beach  dominantly  strikes 
N40-60W  and  dips  25  to  65  degrees  to  the  south.  Rose  diagrams  of  bedding 
orientation  are  presented  in  Plates  7A  and  7C. 

The  graywacke  contains  both  joints  and  fault  planes.  The  joints  and 
fault  planes  are  generally  smooth,  unweathered  and  typically  contain  clayey 
material.  Old  joints  have  commonly  been  cemented  by  calcite  and  often 
have  been  offset  by  younger  displacements. 

A  tunnel  is  cut  into  the  graywacke  along  the  northern  portion  of  Lands 
End.  This  tunnel  is  4.5  to  6  feet  high  and  3  to  4  feet  wide,  and  exhibits  no 
appreciable  areas  of  caving  and/or  sloughing  in  the  graywacke.  The  tunnel  is 
unlined  and  has  remained  intact  since  the  late  1800' s. 

One  hundred  and  thirty-nine  point  load  tests  were  conducted  on  the 
Franciscan  graywacke.  The  results  are  presented  on  the  Geologic  Logs  at  the 
appropriate  depth,  and  a  summary  of  the  test  results  is  presented  on  Plate 
A-8A.  The  variation  in  strength  of  the  graywacke  is  primarily  a  function  of 
its  proximity  to  shear  zones.  The  low  to  very  low  values  obtained  were  near 
shear  zones  and  the  high  to  very  high  values  were  on  fresh  graywacke  remote 
from  shear  zones.  Compressive  strengths  shown  on  the  detailed  Geologic 
Log   of   Boring    13    illustrate    the   weakening   of   graywacke   near   shear  zones. 

Changes  in  the  character  of  the  graywacke  with  increasing  proximity  to 
shear  zones  is  also  reflected  in  the  RQD  (Rock  Quality  Designation:  the 
percentage  of  a  particular  core  run  represented  by  fragments  of  core  greater 
than  four  inches  in  length;  see  section  A4.7).  The  RQD  is  commonly  between 
60  and  90  percent  but  drops  to  between  zero  and  25  percent  near  shear  zones. 
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Core  recovery  in  the  graywacke  was  excellent  -  averaging  about  90 
percent . 

A2.1.2.  Interbedded  Siltstone  and  Shale  -  Interbedded  siltstone  and 
shale  units  separate  the  massive  graywacke  beds  of  the  Franciscan.  The 
siltstone  is  highly  indurated  and  usually  less  than  three  inches  thick. 
The  shale  is  softer  and  exhibits  high  fissility.'*  The  shale  beds  are 
generally  less  than  six  inches  but  may  measure  a  foot  in  thickness.  Thin 
graywacke  interbeds  occur  locally.  The  shale  and  siltstone  are  typically 
brown  to  olive  brown  where  weathered,  grading  dark  gray  or  black  where 
fresh. 

The  interbedded  siltstone-shale  sections  are  usually  less  than  four 
feet  in  thickness  but  sections  have  been  measured  up  to  30  feet  in  thickness. 
Although  thinner  laminations  of  siltstone  or  shale  may  be  present  at  closer 
intervals,  the  major  interbeds  commonly  occur  within  the  graywacke  at  inter- 
vals of  between  20  and  30  feet. 

Because  of  the  weaker  properties  of  the  siltstone  and  shale  interbeds 
relative  to  the  graywacke,  faults  are  commonly  observed  to  occur  in  or  very 
near  the  siltstone-shale  units.  Where  intersected  by  a  fault,  the  dip  of  the 
interbeds  steepens  rapidly  toward  the  fault.  Caving  along  the  coastline  is 
commonly  observed  where  the  siltstone  and  shale  interbeds   intersect  faults. 

Three  point  load  tests  were  conducted  on  siltstone-shale  units  of  the 
Franciscan.  In  general  these  samples  were  weak  to  very  weak,  as  shown  on 
Plate  A-8B. 

RQD  ranged  from  zero  to  25  present  and  was  usually  near  zero.  Core 
recovery  averaged  about  70  percent. 

The  shales  have  a  high  susceptibility  to  slaking  based  on  laboratory 
observation. 

A2.1.3.  Serpentine  -  Serpentine  is  a  green  to  black  rock  which  is 
generally  highly  sheared  and  very  weak  but  contains  occasional  extremely  hard 
inclusions.  It  is  formed  by  hydrothermal  alteration  of  ultrabasic  rocks. 
During    this    alteration,    the   rock  expands   about   40  percent   by  volume.  It 


*Fissility:     A  property  of  being  very  thinly  laminated  and  splitting  easily 
parallel  to  the  laminations. 
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is  this  expansion  as  well  as  emplacement  along  fault  planes  which  causes 
it  to  be  highly  sheared. 

Serpentine  occurs  primarily  along  faults  and  in  shear  zones.  Inclu- 
sions of  unsheared  and  unaltered  serpentine  up  to  40  feet  in  size  occur 
locally.  These  inclusions  are  generally  surrounded  by  a  sheared  serpentine 
matrix. 

Seven  point  load  tests  were  conducted  on  serpentine.  A  summary  of  this 
data  is  shown  on  Plate  A-8C.  The  bimodal  distribution  of  very  low  and  high 
values  represent  highly  sheared  serpentine  and  slightly  sheared  and  altered 
serpentine  respectively. 

The  RQD  was  generally  near  zero  percent  for  sheared  serpentine  and 
close  to  100  percent  for  the  unsheared  serpentine.  Core  recovery  was  gen- 
erally around  40  to  50  percent. 

Sheared  serpentine  has  a  moderate  to  high  susceptibility  to  slaking 
based  on  laboratory  observations. 

A2.1.4  Greenstone  -  The  greenstone  in  the  study  area  is  a  dark  green 
(fresh)  to  red  brown  (weathered)  alteration  product  of  submarine  basaltic 
flows,  sills,  and  pyroclastic  deposits.  In  outcrop  the  greenstone  is  mas- 
sive, very  hard  and  commonly  contains  highly  siliceous  bands  and  veins.  In 
the  borings  the  greenstone  is  generally  highly  fractured  and  greenstone 
breccias  occur  commonly.  Greenstone  occurs  primarily  in  the  melange  zones, 
often  as  large  clasts  and  tectonic  slabs.  Greenstone  may  compose  up  to  60 
percent  of  the  thrust  sheet-melange  complex. 

Seven  point  load  tests  were  conducted  on  greenstone;  Plate  A-8D  pre- 
sents a  summary  of  these  tests.  In  general  the  data  shows  low  to  medium 
strengths.  These  low  values  are  in  part  due  to  the  highly  fractured  and 
brittle  nature  of  the  greenstone  core. 

In  the  massive  greenstone,  the  RQD  and  core  recovery  are  generally 
around  100  percent.  In  the  highly  brecciated  zones  and  near  shear  zones, 
the  RQD  is  generally  near  zero  percent  and  the  core  recovery  is  zero  to  40 
percent. 

A2.1.5  Chert  -  Chert  is  a  red  to  green,  banded,  highly  siliceous 
rock.  It  is  generally  thinly  bedded  (1  to  4  inches)  and  highly  folded. 
Rarely,   massive   inclusions  up   to  6   to   10  feet   in  size  have  been  observed. 
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Chert  generally  occurs  in  close  association  with  greenstone  and  commonly  is 
fractured . 

The  1938  Richmond  sewer  tunnel  (see  Plate  2)  was  reported  to  have 
penetrated  up  to  2,000  feet  of  "red  rock  chert"  (Rothschild,  1938).  Tunnel- 
ing was  quite  rapid  and  it  is  noted  that  in  places  it  was  unsupported; 
however,  this  is  a  relatively  small  tunnel. 

The  RQD  of  the  thinly  bedded  chert  is  generally  less  than  70  and 
commonly  zero  percent.  Core  recovery  averages  around  5  to  20  percent, 
probably  due  to  the  thin  bedding  and  common  fractures. 

A2 . 1 . 6  Melange  -  Melange  is  ususally  defined  as  a  heterogeneous 
assemblage  of  rock  fragments  of  varying  types  and  sizes  which  float  in  a  less 
coherent,  often  sheared,  matrix.  In  the  study  area  the  melange  is  more  a 
tectonic  unit  than  a  lithologic  unit;  that  is,  it  is  the  result  of  tectonic 
mixing-folding,  faulting,  brecciation,  etc.  Three  melanges  have  been  identi- 
fied in  the  Richmond  District:  1)  the  Phelan  Beach  shear  zone;  2)  the  thrust 
sheet  complex;  and  3)  the  City  College  Fault  Zone. 

Exposures  of  melange  comprising  the  Phelan  Beach  shear  zone  occur  at 
Phelan  Beach  and  samples  were  obtained  from  Boring  27.  The  observed  inclu- 
sions consisted  of  serpentine,  chert,  limestone,  graywacke,  siltstone  and 
shale.  Clasts  generally  ranged  from  pebble  to  boulder  size.  The  matrix  was 
composed  of  sheared,  dark  gray  shale. 

Exposures  of  melange  comprising  the  thrust  sheet  complex  occur  in  the 
cliffs  along  the  coast  east  of  Land's  End.  Samples  were  obtained  from 
Borings  13,  20,  22,  23,  28  and  30.  Inclusions  were  composed  primarily  of 
greenstone  and  graywacke  with  some  chert.  It  is  believed  that  many  of  these 
inclusions  are  actually  large  slabs,  commonly  several  hundred  feet  in  great- 
est dimension.  From  exposures  and  the  borings,  it  would  appear  that  the  zone 
is  dominated  by  large  inclusions  with  relatively  little  matrix.  Borings  28 
and  30  in  the  immediate  proximity  of  the  proposed  tunnel  alignment,  however, 
show  a  greater  proportion  of  matrix.  The  inclusions  are  commonly  more  highly 
fractured  and  in  these  two  borings,  range  up  to  70  feet  in  thickness.  On 
the  basis  of  outcrops  and  borings,  inclusions  compose  at  least  60  percent  of 
the  thrust  sheet-melange  complex  and  may  compose  up  to  80  percent. 
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Exposures  of  melange  comprising  the  City  College  Fault  Zone  occur  along 
the  coast  west  of  Land's  End.  Samples  were  obtained  from  Borings  16,  17  and 
32.  The  clasts  were  found  of  Franciscan  graywacke,  serpentine,  greenstone 
and  chert,  and  Great  Valley  Sequence  sandstone  and  interbedded  siltstone  and 
shale.  Examination  of  exposures  indicate  that  about  60  percent  of  the 
melange  is  clay-shale  matrix  and  40  percent  inclusions.  We  estimate  that 
about  20  percent  of  the  melange  zone  is  composed  of  inclusions  which  exceed 
ten  feet  in  size. 

The  matrices  of  the  melange  zones  described  above  are  generally  com- 
posed of  medium  to  dark  gray  sheared  shale  which  is  commonly  highly  slicken- 
sided  and  locally  serpentinitic .  This  matrix  material  generally  exhibits  a 
high  susceptibility  to  slaking.  Emission  spectrographic  analyses  were 
performed  on  three  samples  to  determine  the  chemical  composition  of  the 
matrix.  X-ray  diffraction  patterns  were  also  run  on  these  samples  to  evalu- 
ate the  mineralogy.  Swell  pressure  tests  were  conducted  by  our  laboratory  to 
evaluate  potential  swell  pressure  development  in  the  clays. 

The  semi-quantitative  emission  spectrographic  analyses  show  chemical 
compositions  dominated  by  silicon,  aluminum  and  magnesium  with  notable 
amounts  of  iron,  calcium  and  sodium.  Little  or  no  potassium  is  present.  The 
results  of  these  tests  are  presented  in  Plate  A-7. 

The  X-ray  diffraction  patterns  indicate  that  the  clay  fraction  of  these 
shales  is  dominated  by  a  variable-spacing  smectite-like  or  mixed  layer 
mineral,  possibly  montmorillonite-vermiculite ,  with  lesser  amounts  of  kaoli- 
nite  and  illite.  The  non-clay  mineral  phase  of  these  shales  is  dominated  by 
quartz,  with  lesser  amounts  of  feldspar.  Organic  matter  and  carbonate  are 
generally  absent. 

The  swell  pressure  tests  indicate  that  the  shale  of  the  melange  matrix 
shows  a  slight  to  moderate  tendency  to  develop  swell  pressures  when  re- 
strained The  results  of  these  tests  are  presented  in  Plate  A-6.  Testing 
procedures  are  described  in  Section  A4.5. 

The  RQD  of  the  shale  matrix  is  generally  very  high,  however  for  such 
very  weak  material  the  RQD  loses  its  significance  as  a  classification  param- 
eter. The  core  recovery  ranges  from  zero  to  100  percent  and  is  most  commonly 
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in  the  range  of  50  to  75  percent  due  to  the  cohesive  properties  of  the 
clays . 

A2.1.7  Limestone  -  Limestone  has  been  identified  in  the  Richmond 
District  only  in  the  Phelan  Beach  melange  zone.  The  limestone  is  dark  gray 
to  black,  dense,  and  fine  to  medium  grained.  It  occurs  as  several  clasts, 
10  feet  in  size,  on  the  beach.  On  the  basis  of  this  observation,  limestone 
clasts  are  considered  most  likely  to  occur  along  the  tunnel  route  in  the 
Phelan  Beach  melange  zone,  however  limestone  may  also  be  present  in  the  other 
melange  zones. 

A2 . 2  Great  Valley  Sequence  -  In  the  Richmond  District,  two  rock  types 
have  been  identified  as  part  of  the  Great  Valley  Sequence:  1)  sandstone;  and 
2)  interbedded  siltstone  and  shale. 

A2.2.1  Sandstone  -  The  sandstone  is  white  to  medium  gray,  medium 
grained,  and  very  strong.  It  is  relatively  rich  in  potassium  feldspar  and 
contains  numerous  siliceous  veins.  From  exposures  along  the  coast  it 
appears  that  the  sandstone  is  generally  massive  and  that  lenses  of  interbed- 
ded siltstone  and  shale  within  the  sandstone  are  relatively  uncommon.  Data 
from  Boring  15  and  the  report  of  the  construction  of  Mile  Rock  sewer  tunnel 
(Taylor,  1916),  however,  suggest  that  shale  interbeds  may  be  more  common  than 
observed  in  outcrops.  Shear  zones  in  the  sandstone  are  relatively  rare,  and 
most  joints  and  fractures  have  been  cemented  with  siliceous  veins. 

Several  tunnels,  up  to  eight  feet  in  diameter,  have  been  excavated  in 
the  Great  Valley  sandstone  in  the  vicinity  of  Sutro  Baths.  No  evidence  of 
sloughing  was  found  in  any  of  these  tunnels,  which  have  remained  unlined 
since  the  late  1800 's.  Portions  of  the  Mile  Rock  Sewer  tunnel  (under  48th 
Avenue,  see  Plate  2)  were  excavated  in  sandstone.  The  rock  was  reported  to 
be  very  hard  and  no  timbering  was  required  (Taylor,  1916). 

Fifty  three  point  load  tests  were  conducted  on  the  sandstone  of  the 
Great  Valley  Sequence.     A  summary  of  this  data  is  shown  on  Plate  A-8E. 

The  RQD  of  the  sandstone  was  generally  near  100  percent  except  near 
shear  zones  where  the  RQD  dropped  to  zero  to  25  percent.  Core  recovery  was 
commonly  close  to  100  percent. 
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A2.2.2  Siltstone  and  Shale  -  The  siltstone  and  shale  of  the  Great 
Valley  Sequence  are  quite  different  from  those  of  the  Franciscan  Assemblage. 
The  siltstone  is  light  gray  to  white,  highly  siliceous,  hard,  and  contains 
siliceous  veinlets,.  The  shale  is  light  to  dark  gray  and  does  not  exhibit 
fissility  except  near  shear  zones.  Bedding  thickness  varies  but  is  generally 
less  than  two  to  three  inches  for  the  siltstone  and  less  than  two  feet  for 
the  shale.  The  bedding  is  highly  convoluted  and  folded;  the  rock,  however, 
still  appears  to  be  quite  hard  and  medium  strong. 

Semi-quantitative  emission  spectrographic  analyses  were  performed  on 
one  shale  sample  from  the  Great  Valley  Sequence.  This  analysis  shows  a 
chemical  composition  dominated  by  silicon,  aluminum  and  iron  with  notable 
amounts  of  potassium,  sodium  and  magnesium.  A  distinguishing  feature  of  this 
composition  is  the  relative  enrichment  in  potassium,  and  to  a  lesser  degree 
in  sodium,  as  compared  to  the  shales  of  the  Franciscan  Assemblage.  The 
results  of  these  analyses  are  presented  on  Plate  A-7. 

X-ray  diffraction  patterns  were  also  obtained  on  this  sample.  This 
shale  had  a  much  less  complex  clay  mineralogy  than  the  shales  tested  of  the 
Franciscan  Assemblage.     The  dominant  clay  minerals  are  illite  and  kaolinite. 

The  Mile  Rock  sewer  tunnel  appears  to  have  been  excavated  largely 
through  interbedded  siltstone  and  shale  of  the  Great  Valley  Sequence.  Tim- 
bering was  required  but  no  unusual  difficulties  in  tunneling  were  reported 
(Taylor,  1916). 

Fourteen  point  load  tests  were  conducted  on  siltstone  and  shale  samples 
of  the  Great  Valley  Sequence.  A  summary  of  these  tests  is  presented  on  Plate 
A-8F.  The  results  are  centered  around  the  medium  strength  range.  Generally 
the  higher  values  represent  more  silty  samples  and  the  lower  values  more 
shaley  samples. 

The  RQD  for  the  interbedded  siltstone  and  shale  ranged  from  zero  to  65 
percent  and  was  most  commonly  around  25  percent.  Core  recovery  ranged  from  3 
to  98  percent  and  averaged  around  60  percent. 
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A3.0    FIELD  EXPLORATIONS 

A3 . 1    Geological  Reconnaissance 

The  geological  field  explorations  consisted  of  mapping  all  bedrock 
exposures  in  the  study  area  and  conducting  a  limited  magnetic  survey  in 
Lincoln  Park. 

The  geologic  reconnaissance  and  mapping  was  conducted  by  geologists 
from  our  office  assisted  by  our  consultants,  Logistics  International  Consult- 
ants of  San  Francisco.  The  field  work  was  not  conducted  all  at  once,  but  at 
various  times  during  December  1977  and  throughout  1978.  This  was  because  the 
need  for  additional  study  of  selected  areas  only  became  apparent  as  the 
geologic  map  of  the  study  area  evolved.  The  major  portion  of  the  geologic 
reconnaissance  was  conducted  along  the  cliffs  on  the  north  and  northwest 
sides  of  the  study  area,  including  several  existing  minor  tunnels  and  other 
excavations  in  the  bedrock.  Standard  geologic  practice  and  nomenclature 
was  used  in  the  recording  of  strikes  and  dips,  joint  patterns,  and  other 
structural  features.  The  position  in  the  field  was  usually  determined  from 
large-scale  aerial  photographs  and  transferred  to  topographic  maps  of  the 
same  scale. 

The  results  of  the  reconnaissance  are  shown  on  the  Geologic  Map  of  the 
Western  Richmond  District,  Plate  6A.  An  interpretive  extrapolation  of  the 
field  data  plus  information  from  the  test  borings  was  made  to  prepare  the 
Interpretative  Geologic  Map  at  invert  level,  Plate  6B,  which  depicts  the 
estimated  configuration  of  the  general  types  of  bedrock  as  they  might  appear 
if  the  soil  and  rock  cover  were  stripped  off  to  invert  level  in  the  study 
area.  A  similar  interpretive  extrapolation  was  made  to  prepare  the  Geologic 
Section  Along  the  Preferred  Route,  Plate  6C. 

The  magnetic  survey  was  conducted  in  Lincoln  Park.  The  survey  was 
conducted  by  two  geologists  from  our  office  using  a  portable  proton  magne- 
tometer, GeoMetrics  Model  G-816.  Data  points  were  spaced  at  approximately 
20  foot  intervals.  Location  in  the  field  was  controlled  by  measuring  tape 
and  a  large-scale  aerial  photograph. 
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A3. 2    Drilling  and  Sampling  Program 

Information  about  the  subsurface  soil  and  rock  conditions  throughout 
the  study  area  was  obtained  by  drilling  33  small  diameter  (3  to  6  inches) 
test  borings  at  the  locations  shown  on  the  Site  Plan,  Plate  1.  The  boring 
program  was  conducted  in  three  phases:  Phase  One,  covering  the  period  of 
December  5,  1977  through  January  24,  1978  during  which  Borings  1  through  19 
were  drilled  (Boring  13  in  part  only);  Phase  Two,  from  March  14,  1978  through 
April  21,  1978,  during  which  Borings  20  through  24  were  drilled  and  Boring  13 
completed;  and  Phase  Three,  from  July  5,  1978  through  August  25,  1978,  during 
which  Borings  25  through  33  were  drilled. 

Our  primary  drilling  subcontractor  was  the  J.N.  Pitcher  Drilling 
Company  of  Daly  City,  using  truck-mounted  conventional  rotary-wash  type 
drilling  equipment.  The  HEW  Drilling  Company  of  Mountain  View  was  also 
engaged  for  portions  of  Phase  One  (Borings  1  and  2  in  part,  Borings  5  and  8 
entire)  and  Phase  Two  (Boring  24).  HEW  utilized  truck-mounted  equipment 
which  combined  hollow-stem  auger  and  rotary-wash  drilling  methods.  A  third 
drilling  company  was  also  used  for  Phase  Two.  The  Continental  Drilling 
Company  of  Madera  drilled  Boring  23  using  truck-mounted  rotary-wash  equipment 
which  included  a  wire-line  apparatus  for  more  efficient  rock  coring  opera- 
tions. 

All  of  the  borings  were  drilled  with  a  biodegradable  (Revert)  slurry 
except  Borings  32  and  33  for  which  a  bentonite  slurry  was  used.  Borings  32 
and  33  were  simple  probes,  drilled  solely  for  the  purpose  of  determining  the 
type  of  bedrock  present  at  the  boring  locations.  They  were  not  advanced  to 
the  tunnel  level,  but  only  to  elevations  +177  and  +203  feet  respectively. 
All  of  the  other  borings  were  advanced  to  at  least  one  tunnel  diameter  below 
invert  level  with  the  exception  of  Boring  17.  Boring  17  had  to  be  abandoned 
at  elevation  +118  feet  due  to  continual  caving  of  the  hole  which  the  drillers 
were  unable  to  control.  It  is  our  opinion,  however,  that  rock  conditions 
from  elevation  +118  to  well  below  invert  level  would  be  similar  to  the  rock 
encountered  above  elevation  +118:  sheared  shale  melange  with  random  tectonic 
inclusions  of  various  rock  types. 
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Location  in  the  field  was  controlled  by  tape  measure  from  street  cor- 
ners, curb  lines,  or  other  fixed  landmarks.  In  most  instances,  the  surface 
elevation  at  the  boring  location  was  based  upon  the  official  city  grade  at 
the  nearest  street  intersection  as  supplied  by  the  City.  Official  city 
grade  may  differ  slightly  from  the  true  ground  surface  elevation.  Where 
an  official  city  grade  was  not  established  reasonably  close  to  a  boring 
location,  the  surface  elevation  was  referenced  to  the  nearest  surveyed  mark 
as  recorded  with  the  City  Surveying  Department.  The  method  of  elevation 
control  used  is  noted  on  each  Log  of  Boring. 

All  drilling  operations  were  conducted  under  the  direction  of  a  member 
of  our  technical  staff  or  of  our  consultants,  PSC  and  Associates  of  Mountain 
View  and  LIC  Georesources  of  San  Francisco.  A  continuous  field  log  of  each 
boring  was  maintained,  based  upon  recovered  samples,  behavior  of  the  drill 
rig,  and  observance  of  the  soil  or  rock  cuttings  being  flushed  out  of  the 
hole  by  the  drilling  fluid.  Both  disturbed  and  undisturbed  samples  of 
the  soil  and  rock  strata  encountered  were  obtained  for  examination,  classifi- 
cation, and  laboratory  testing. 

All  samples  recovered  during  our  field  exploration  program  were  trans- 
ported to  our  laboratory  in  San  Francisco  for  further  examination  and  testing 
Based  on  the  results  of  our  field  data  and  subsequent  laboratory  test  results 
detailed  Logs  of  Borings  were  prepared.  These  Logs  of  Borings  are  presented 
on  Plates  A-1A  through  A-1AG.  Where  appropriate,  detailed  geologic  logs 
follow  the  regular  Log  of  Boring.  Soils  were  classified  in  accordance 
with  the  Unified  Soil  Classification  System,  described  on  Plate  A-2A,  Soil 
Classification  Chart  and  Key  to  Test  Data.  Rock  types  were  classified  in 
accordance  with  the  lithographic  classifications  presented  on  Plate  A-2B, 
Rock  Classification  Chart  and  Key  to  Geologic  Logs.  Explanations  of  the 
nomenclature  and  symbols  presented  on  the  Logs  of  Borings  are  also  presented 
on  Plates  A-2A  and  A-2B. 

Sampling  of  the  soil  and  rock  was  accomplished  by  various  methods  as 
noted  at  the  sample  elevation  on  the  Logs  of  Borings  by  the  appropriate 
symbol,  defined  on  Plate  A-2A. 
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Relatively  undisturbed  soil  samples  were  recovered  using  the  Dames  & 
Moore  Type-U  Sampler,  illustrated  on  Plate  A-9;  the  thinwall  attachment 
was  used  where  possible  to  minimize  sampling  disturbance.  The  sampler 
was  advanced  using  different  techniques  depending  on  the  type  of  drilling 
equipment  being  employed.  When  rotary-wash  drilling  equipment  was  used,  the 
U-Sampler  was  driven  with  down-hole  slipjars  of  varying  weight  falling  from 
varying  heights.  When  hollow  stem  auger  drilling  equipment  was  used,  the 
sampler  was  driven  with  a  140-pound  hammer  falling  30  inches.  The  specific 
method  of  driving  the  U-Sampler  is  noted  on  each  Log  of  Boring.  The  sam- 
pling resistance,  measured  in  blows  per  foot  of  sample  penetration,  or 
fraction  thereof,  is  shown  on  the  Log  of  Boring  adjacent  to  the  appropriate 
sample. 

In  cohesionless  soils,  Standard  Penetration  Tests  (SPT)  were  also 
performed  during  the  field  exploration  program.  These  tests  utilized  a 
2-inch  OD,  1-3/8-inch  ID  Sampler  driven  with  a  140-pound  hammer  falling  30 
inches,  in  accordance  with  ASTM  Test  Designation  D-1586-64T.  Sampling 
resistance  was  used  as  an  indication  of  the  relative  density  and  an  approxi- 
mate measure  of  the  strength  of  the  cohesionless  soils.  The  sample  recovered 
by  the  SPT  test  is  disturbed. 

Occasionally,  disturbed  samples  were  obtained  by  simply  collecting  a 
quantity  of  cuttings  without  the  use  of  a  sampler.  Such  samples,  used  for 
classification  purposes  only,  are  noted  on  the  Logs  of  Borings  as  "grab" 
samples. 

Where  the  soil  was  too  hard  to  sample  with  a  drive  sampler,  a  Pitcher 
Tube  Sampler  was  used.  The  Pitcher  Tube  Sampler  is  illustrated  on  Plate 
A-10.  It  recovers  an  undisturbed  sample  by  pushing  a  non-rotating,  spring- 
loaded  tube  against  the  bottom  of  the  borehole,  while  at  the  same  time 
drilling  out  the  surrounding  soil  with  a  hollow  saw-tooth  bit. 

Highly  weathered  or  fractured  rock  was  sometimes  sampled  with  a  U- 
Sampler  or  a  Pitcher  Tube  Sampler,  but  for  the  most  part  bedrock  was  sampled 
with  a  diamond  bit  double-tube  NX  (2-1/8-inch  inside  diameter)  core  barrel, 
either  5   or   10  feet   long.      In  general,  while  drilling  or  coring  rock  the 
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circulating  drilling  fluid  was  sieved  to  collect  cuttings  from  each  foot  of 
drilling.  Due  to  budgetary  limitations  and  the  great  depth  of  rock  to  be 
penetrated  in  some  cases  before  approaching  the  tunnel  level,  continuous 
coring  from  the  rock  surface  was  not  always  practical,  and  intermittant  cere 
runs  at  intervals  of  20  feet  or  more  were  taken.  Under  these  conditions,  and 
also  when  core  recovery  was  poor,  the  cuttings  collected  from  each  foot  were 
examined  and  classified  to  supplement  the  recovered  core  samples  in  prepara- 
tion of  the  Log  of  Boring.  As  a  further  aid  in  evaluation  of  the  rock 
conditions,  the  drilling  and  coring  rates  (minutes  per  foot)  were  recorded. 
The  recorded  rates  may  be  helpful  in  comparing  consecutive  feet  but  no 
attempt  should  be  made  to  correlate  different  borings  or  even  different  core 
runs  in  the  same  boring  on  the  basis  of  drilling  rates,  as  there  are  many 
variables  besides  rock  hardness  which  may  influence  the  observed  rate: 
down-pressure,  bit  type  and  wear,  fluid  pressure,  rotational  speed,  and 
operator  skill. 

Piezometers  were  installed  in  all  borings  except  Borings  17,  32,  and  33 
to  permit  long-term  measurement  of  the  ground  water  level.  Piezometer 
installations  consisted  of  1-inch-diameter  PVC  plastic  pipe,  perforated  in 
the  lower  20  feet.  The  annular  space  between  the  pipe  and  the  borehole 
wall  was  backfilled  with  coarse  sand  or  pea  gravel.  In  rock  strata,  a 
bentonite  seal  was  placed  at  about  one  tunnel  diameter  above  the  tunnel  crown 
level.  In  soil  strata,  the  bentonite  seal  was  located  to  coincide  with  an 
impermeable  soil  layer,  usually  the  top  of  the  Colma  Formation.  Where  no 
impermeable  layer  was  found  above  tunnel  level,  the  bentonite  seal  was 
omitted.  In  Borings  11,  25,  and  26  two  piezometers  were  installed,  one  in 
dune  sand  above  the  surface  of  the  Colma  Formation  and  one  below  the  surface 
of  the  Colma  Formation.  In  Boring  11,  identical  water  levels  were  measured 
in  both  tubes.  In  Boring  25,  the  piezometer  in  the  dune  sand  is  dry  while  the 
lower  piezometer  has  a  water  level  well  above  the  surface  of  the  Colma 
Formation.  This  might  be  indicative  of  an  artesian  condition  in  the  Colma 
Formation,  however  the  piezometer  appears  to  be  unresponsive  to  intentional 
changes  in  its  water  level.  This  fact,  together  with  the  much  deeper  read- 
ings   from  adjacent   Borings   24   and   26,    suggest   that   the  piezometer  somehow 
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became  blocked  during  installation  and  is  not  functioning  properly.  In 
Boring  26,  the  piezometer  in  dune  sand  is  dry  and  the  one  in  Colma  sand  has  a 
water  level  of  about  elevation  +53  feet.  Boring  13,  which  was  drilled  to 
elevation  +103  during  Phase  One  and  advanced  to  elevation  zero  during  Phase 
Two,  recorded  two  water  levels.  After  Phase  One,  the  boring  was  left  open 
and  a  water  level  of  elevation  +334  feet  was  measured.  During  Phase  Two,  a 
piezometer  was  installed  and  now  has  a  water  level  of  about  elevation  +96 
feet.  It  is  probable  that  the  former  reading  represents  a  perched  water 
table  in  the  thin  soil  mantle  over  bedrock;  however,  this  has  not  been 
corroborated  by  water  level  readings  from  any  of  the  other  borings.  The  re- 
corded water  levels  are  indicated  on  the  Logs  of  Borings  and  where  there  has 
been  a  slight  variation  over  the  long  term,  two  levels  are  shown  to  indicate 
the  range  of  variation  measured. 

A4.0    LABORATORY  TESTING 

A4 . 1  General 

All  samples  recovered  during  the  field  exploration  program  were  visu- 
ally examined  and  classified  in  our  laboratory,  and  laboratory  tests  were 
performed  on  selected  representative  soil  and  rock  samples.  The  laboratory 
testing  program  was  designed  to  provide  data  for  the  evaluation  of  the 
physical  properties  and  engineering  characteristics  of  the  subsurface  soils 
and  rocks.  The  program  included  determinations  of  soil  and  rock  classifica- 
tion indices,  shearing  strengths,  swelling  characteristics,  permeabilities, 
and  special  analytical  tests.  The  types  of  tests  performed  are  described  in 
the  following  paragraphs. 

A4. 2    Classification  Tests 

A4 . 2 . 1    Moisture  and  Density 

Moisture  contents  and  dry  densities  (MD)  were  determined  on  selected, 
relatively  undisturbed  soil  samples,  and  moisture  contents  (M)  were  deter- 
mined on  selected  disturbed  samples,  to  aid  in  defining  the  interface  between 
various  soil  layers  and  correlating  the  layers  between  the  borings.  These 
tests  were  also  used  to  evaluate  the  overburden  soil  pressures  for  use  in 
soil  pressure  analyses.  The  tests  were  performed  in  accordance  with  the  ASTM 
Test  Designation  D-2166-66.  Test  results  are  tabulated  on  the  Logs  of 
Borings  adjacent  to  the  appropriate  samples. 
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A4.2.3    Mechanical  Analysis 

As  an  aid  in  classifying  samples,  to  provide  information  on  the  parti- 
cle size  and  gradation  of  the  soil  types  at  the  site,  and  as  an  indicator  of 
the  permeabilities  of  the  soil  layers,  Sieve  Analyses  (SA)  were  performed  on 
representative  samples.  These  tests  were  performed  in  accordance  with  AST11 
Test  Designation  D-422-63.  The  gradation  curves  are  presented  on  Plates  A-3A 
through  A-3AA,  Grain-Size  Distributions.  The  percentage  of  sample  smaller 
than  the  #200  sieve  is  tabulated  on  the  Logs  of  Borings  adjacent  to  the 
appropriate  sample.  In  addition,  all  sieve  tests  on  dune  and  Colma  sands 
were  grouped  together  and  the  median  grain-size  distribution  and  standard 
deviation  computed.  The  results,  Summary  Grain-Size  Distribution,  are  shown 
on  Plate  A-4A  for  dune  sand  and  plate  A-4B  for  Colma  sand. 

A4.3    Strength  Tests 

A4 . 3 . 1    Direct  Shear,  Consolidated-Drained 

To  evaluate  the  effective  strength  characteristics  of  the  dune  and 
Colma  sand  deposits,  consolidated  drained  direct  shear  tests  (DS/CD)  were 
performed  on  representative  samples  of  these  granular  materials.  To  insure 
that  the  samples  were  tested  under  approximately  natural  conditions,  those 
samples  recovered  from  above  the  ground  water  table  were  tested  at  field 
moisture  while  those  samples  which  were  recovered  below  ground  water  level 
were  saturated  prior  to  testing.  All  samples  were  tested  at  confining 
pressures  which  approximated  the  effective  natural  overburden  pressure.  The 
test  results  are  tabulated  on  the  Logs  of  Borings  adjacent  to  the  corre- 
sponding samples.  The  method  of  performing  the  consolidated,  drained  direct 
shear  tests  is  described  on  Plate  A-ll. 

A4.3.2    Unconfined  Compression 

To  provide  data  on  the  cohesive  strength  of  stiff  clayey  colluvial 
soils  and  residual  clay  soils,  unconfined  compression  tests  (UC)  were  per- 
formed on  naturally  saturated  samples  of  these  soils.  The  tests  were  per- 
formed in  accordance  with  ASTM  Test  Designation  D-2166-63T.  The  method  of 
performing  the  test  is  shown  on  Plate  A-12  and  the  test  results  are  indicated 
adjacent  to  the  samples  on  the  Logs  of  Borings. 
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A4.3.3    Triaxial  Compression,  Consolidated-Undrained 


To  provide  compressive  shear  strength  data  on  stiff  cohesive  samples  of 
colluvium,  residual  soil,  sheared  shale  melange,  and  gouge  material,  several 
consolidated  undrained  triaxial  compression  tests  (TX/CU)  were  performed  on 
saturated  samples  of  these  soils  from  Borings  22,  27,  and  31.  The  samples 
from  Boring  27  are  the  same  ones  used  for  the  swell  tests,  described  below. 
The  method  of  performing  the  test  is  shown  on  Plate  A-12,  and  the  results  are 
indicated    adjacent    to    the    corresponding    samples    on    the    Logs    of  Borings. 

A4.3.4    Point  Load  Tests 

The  compressive  strength,  CP,  of  sound  rock  core  was  indirectly  com- 
puted on  the  basis  of  tensile  failure  induced  by  the  point  load  test.  In 
essence  this  test  involves  compressing  a  rock  specimen  between  two  points  and 
computing  a  point-load  index,  Is ,  which  is  calculated  as  the  ratio  of  the 
applied  load  P  to  the  square  of  the  distance  H  between  the  loading  points 
(Is=^/h^).  The  loading  "points"  or  platens  are  of  a  standardized  conical 
shape  with  rounded  points. 

The  point  load  test  is  an  indirect  tensile  test,  which  means  that  the 
vertical  concentrated  applied  load  creates  a  horizontal  tensile  stress  and 
failure  eventually  occurs  by  splitting  along  a  plane  or  planes  which  run 
parallel  to  the  direction  of  load  application.  Because  of  this,  the  point 
load  index  may  be  correlated  with  the  tensile  strength  as  well  as  with  the 
compressive  strength  of  rock  by  a  conversion  factor,  K.  For  conversion 
to  the  uniaxial  compressive  strength,  CP=KIS  where  K  is  related  to  the 
diameter,    D,    of    the    specimen   by   k=4.7D  +   13.5    (after   Bieniawski,  1974). 

The  results  are  indicated  on  the  Geologic  Logs  adjacent  to  the  sample 
tested.  Two  qualifying  factors  should  be  kept  in  mind  when  studying  the 
compressive  strength  values  derived  from  the  point  load  tests.  First,  the 
tests  were  run  on  air-dried  partially  saturated  samples  which  will  test  at 
a  higher  strength  than  their  saturated  counterparts.  The  strength  increase 
produced  by  loss  of  moisture  is  probably  from  10  to  25  percent,  with  the 
greatest  effect  occurring  on  the  weaker  and  more  argillaceous  rocks.  Second, 
the  tests  were  only  run  on  intact  pieces  of  core  at  least  3  inches  long. 
Thus  where  a  test  is  indicated  in  a  highly  fractured  or  brecciated  zone,  the 
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strength  recorded  may  be  representative  of  the  larger  intact  pieces  of  core 
but  not  of  the  rock  mass  as  a  whole,  which  may  behave  as  a  much  weaker 
material . 

A4.A    Permeability  Tests 

Constant-head  type  permeability  tests  (PERM)  were  run  on  selected 
samples  of  dune  and  Colma  sands.  The  consolidation  pressure  and  head  differ- 
ential applied  to  the  samples  were  chosen  to  simulate  conditions  at  the 
tunnel  level.  Each  test  was  run  several  times  and  the  results  shown  on  Plate 
A-5  are  average  values.  No  permeability  tests  were  run  on  samples  of  rock  as 
all  of  the  rock  types  encountered  have  low  permeabilities  and  it  is  our 
opinion  that  ground  water  movement  in  the  bedrock  will  be  controlled  by  the 
presence  or  absence  of  open  cracks  rather  than  by  the  permeability  of  the 
intact  rock. 

A4. 5     Swell  Pressure  Tests 

In  an  attempt  to  evaluate  the  potential  swell  pressure  which  may  be 
developed  by  the  sheared  shale  bedrock,  four  samples  from  Boring  27  were 
subjected  to  swell  pressure  tests  (SWELL).  The  tests  were  designed  to 
simulate  conditions  of  stress  relief  adjacent  to  the  tunnel  excavation, 
followed  by  the  fully  restrained  conditions  which  would  exist  when  the  stiff 
concrete  lining  is  poured  directly  against  the  excavated  rock  surface.  The 
samples  were  first  fully  consolidated  in  a  high-pressure  triaxial  test 
chamber.  The  confining  pressure  was  then  suddenly  reduced  to  zero,  simu- 
lating exposure  of  the  rock  to  the  open  excavation.  Next,  to  simulate  the 
conditions  which  would  exist  with  the  rigid  tunnel  lining  in  place,  the 
triaxial  test  chamber  was  sealed  off,  still  without  application  of  any 
external  pressures  on  the  sample.  As  the  water  surrounding  the  sample 
is  essentially  incompressible,  zero-strain  conditions  were  thus  imposed, 
although  the  pore-water  supply  valve  communicating  through  the  ends  of  the 
sample  was  left  open  and  unpressurized .  At  this  point,  the  sample  would  in 
theory  reveal  any  swelling  tendencies  by  attempting  to  draw  in  pore  water 
through  the  end  caps  while  being  held  to  zero  strain  by  the  sealed  fluid- 
filled  test  chamber.  The  test  then  consisted  of  simply  monitoring  the 
chamber   pressure   over   a   period   of    time   to   determine    the  maximum  swelling 
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pressure  which  the  sample  was  capable  of  developing.  The  results  are  pre- 
sented in  Plate  A-6.  To  evaluate  whether  there  was  any  corrollation  of  the 
swell  pressure  with  the  Atterberg  Limits  or  clay  mineralogy,  some  of  the 
swell  test  samples  were  subjected  to  these  tests  as  well.  The  clay  min- 
eralogy tests  were  conducted  under  the  supervision  of  Dr.  J.  K.  Michell  at 
the  University  of  California  at  Berkeley  using  x-ray  diffraction  techniques. 

A4 . 6    Special  Analytical  Tests 

During  the  test  boring  program,  it  was  sometimes  noted  that  a  black 
"oily  appearing"  scum  would  slowly  accumulate  on  the  surface  of  the  recir- 
culating drilling  fluid  in  the  settling  tank  when  shale  was  being  cored. 
At  no  time  was  more  than  an  ounce  or  two  of  this  substance  observed.  As 
the  Franciscan  Assemblage  is  classified  by  the  California  State  Division  of 
Industrial  Safety  (Cal-OSHA)  as  "potentially  gassy",  it  was  decided  that  this 
unidentified  substance  should  be  analyzed  in  an  attempt  to  determine  whether 
or  not  it  is  a  naturally-occurring  petro-chemical  substance  which  might  be 
linked  to  the  presence  of  dangerous  gases.  A  sample  was  collected  (which  was 
unavoidably  mixed  with  some  silt  and  water). 

Pacific  Environmental  Laboratories  of  San  Francisco  tested  the  sub- 
stance for  total  solids,  volatile  fraction  of  the  total  solids  (@  500°C), 
and  sulphate  (SO4)  content,  the  latter  to  estimate  whether  sulpher  was 
present  in  sufficient  quantities  to  justify  concern  for  the  presence  of  H2S 
gas. 

Analysts,  Inc.  of  Oakland  ran  a  spectrographic  analysis  of  the  sub- 
stance for  the  purpose  of  identifying  key  elements  associated  with  typical 
additives  used  in  refined  oil  products,  as  there  was  a  possibility  that  the 
substance  was  coming  from  the  drill  rig  itself  rather  than  from  the  borehole. 
Analysts,  Inc.  specialize  in  the  analysis  of  used  motor  oils  to  evaluate  the 
condition  of  both  the  oil  and  the  engine  in  which  it  was  used. 

Elek  Microanaly t ic  Laboratories  of  Torrance  tested  the  substance 
for  total  carbon  and  hydrogen  content,  first  as  received,  and  second  after 
treatment  with  an  acid  solution  to  remove  that  portion  of  carbon  which  might 
be  in  the  form  of  carbonates  (CO3).  The  purpose  of  this  test  was  to  pro- 
vide an  indication  of  whether  the  substance  was  primarily  organic  or  in- 
organic.     Elek   also   tested   several    shale   samples   in   the   same   manner.  In 
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addition  spectrographic  analysis  of  the  shale  samples  was  performed  for  the 
purpose  of  evaluating  whether  the  substance  was  markedly  different  in  compo- 
sition than  the  shale  or  if  it  was,  after  all,  simply  finely  ground  shale  or 
graphitic  type  material. 

The  results  of  all  of  these  tests  are  presented  on  Plate  A-7. 

A4.7    Rock  Quality  Designation 

The  Rock  Quality  Designation  (RQD)  is  not  actually  a  laboratory  test, 
but  rather  a  computed  value  used  in  making  a  general  observation  regarding 
the  degree  of  fracturing  or  brecciation  of  the  rock  mass.  The  RQD  is  a 
single  value  (percent)  computed  for  each  core  run  by  summing  the  lengths  of 
all  intact  pieces  of  core  4  inches  or  longer  and  dividing  this  amount  by  the 
total  length  of  the  core  run.  It  is  implied  in  the  computation  that  all  core 
not  recovered  consisted  of  pieces  shorter  than  4  inches.  Pieces  longer  than 
4  inches  but  split  by  a  vertical  fracture  were  not  counted  as  intact.  The 
hardness  or  degree  of  weathering  was  not  considered  in  the  computation  of 
RQD.  Very  poor  rock  such  as  sheared  shale  was  considered  intact  and  counted 
as  such  so  long  as  there  were  no  open  fractures,  regardless  of  how  weak 
the  material  might  be.  Similarly,  healed  fractures,  fractures  or  breccia 
cemented  by  clay,  calcite  or  other  minerals  were  considered  intact  and 
counted  regardless  of  the  strength  of  the  joint.  A  full  understanding  of  the 
significance  of  the  RQD  must  therefore  include  knowledge  of  the  rock  type, 
strength,  and  structural  defects.  The  RQD  is  graphically  presented  on  the 
Geologic  Logs  for  each  core  run.  The  RQD  and  percent  recovery  is  summarized 
on  the  Generalized  Geologic  Profile  of  the  Preferred  Route,  Plate  6C. 

The  following  Plates  are  attached  to  and  complete  Appendix  A: 

Plates  A-1A  through  A-1AG  Logs  of  Borings  1  through  33 

(Certain  Logs  of  Borings  are  followed 
by  Geologic  Logs,  indicated  by  /l,  /2, 
etc.  after  the  regular  Log  of  Boring 
Plate  No.) 

Plate  A-2A  Soil  Classification  Chart  and  Key  to 

Test  Data 

Plate  A-2B  Rock  Classification  Chart  and  Key  to 

Geologic  Logs 
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Plates  A-3A  through  A-3AA  Grain-Size  Distribution 

Plate  A-4A  Summary  of  Grain-Size  Distribution, 

Dune  Sand 

Plate  A-4B  Summary  of  Grain-Size  Distribution, 

Colma  Sand 

Plate  A-5  Permeability  Test  Results 

Plate  A-6  Results  of  Swell  Pressure  Tests  on 

Sheared  Shale  Samples  (Melange) 

Plate  A- 7  Analysis  of  Black  "Oily"  Appearing 

Substance  Skimmed  from  Wash  Water 
While  Coring  Franciscan  Shale  and 
Comparison  with  Shale  Samples 

Plates  A-8A  through  A-8F  Summary  of  Point  Load  Data 

Plate  A-9  Soil  Sampler  Type  U 

Plate  A-10  Diagrammatic  Sketch  of  Pitcher  Sampler 

Plate  A-ll  Method  of  Performing  Direct  Shear  and 

Friction  Tests 

Plate  A-12  Methods  of  Performing  Unconfined  Com- 

pression and  Triaxial  Compression 
Tests 
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EXPLANATORY  NOTE  TO  GEOLOGIC  LOGS 


The  key  to  the  Geologic  Logs  is  presented  on  Plate  A-2B. 

However,  three  areas  of  potential  confusion  in  interpreting  the  logs 

should  be  understood.     These  are  explained  below. 

1)     Blank  zones  in  the  Weathering,  Strength  and 
Fractures  per  Foot  columns:     To  evaluate  the 
Weathering,  Strength,  and  Fracture  per  foot 
columns,  one  must  first  refer  to  the  Lift  and 
Core  Recovery  Column.     If  the  core  recovery  is 
100  percent,  then  the  entire  Weathering,  Strength 
and  Fractures  per  foot  columns  will  be  relevant. 
If  they  are  blank  that  means  that  the  rock  is 
fresh,  very  strong  and  has  no  fractures  per  foot, 
respectively.      However,  if  the  core  recovery  for 
a  given  run  is  less  than  100  percent,  all  three 
columns  are  blank  where  the  field  engineer  assumed 
that  the  core  loss  occurred. 

2)  Interruptions  in  the  Log:     In  areas  where  coring 
was  not  performed  and  the  boring  was  advanced  by 
tricone  drilling,  the  log  is  often  shortened. 
However,  the  graphic  log  has  been    continued  based 
on  inspection  of  cuttings. 

3)  RQD (Rock  Quality  Designation):     The  method  of 
computing  the  RQD  is  explained  in  Section  A4.7 
of  Appendix  A.     The  ROD  is  an  indicator  of  the 
degree  of  fracturing  of  the  rock  mass,  but  it  is 
not  related  to  the  strength  of  the  rock.     Thus,  if 
the  core  is  intact,  even  very  weak  or  highly  weathered 
rock  may  have  a  high  RQD  percentage. 
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+  120 


+80 


+70 


+20 


OTHER  TESTS  a 
INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATE  (MIN./FT.) 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (%) 

SAMPLING  RESISTANCE 
(BLOWS/FT)or(HYD.  PRESS. ,PSI) 

LABORATORY 

FIELD 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

NORMAL  OR  CONFINING 
PRESSURE  (PSF) 

PEAK  SHEAR 
STRENGTH  (PSF) 

TORVAiME  (PSF) 

PENETROMETER (PSF) 

1 

103 

U 
SPT 

72 
100 

32 
10 

2 
2 

99 
120 

DS/CD 

1500 

970 
"1940 
"2450 
-312C 

~420C 

TW 

SPT 
GRAB 
TW~ 
SPT 

79 
100 

90 
100 

~100- 
1 00 

100 
100 

-100- 
1 00 

75 
100 

—  89- 
67 

100 

56 

41 
17 

51/9" 
23 

—  66~ 
18 

40 
24 

—38- 
1 6 

29 
32 

—47- 
55 

90 
27 
100 

'°9f 
8.5" 
140 
66 

3 
2 

107 
113 

DS/CD 
DS/CD 
DS/CC 

DS/CC 

"2300 
"3400 
^■4200 

~460C 

TW 
SPT 

TW 
SPT 

7 

104 

TW 
SPT 

TW 
SPT 

-22— 
15 

102" 
108 

— TW- 
SPT 

TW 
SPT 

17 
19 

107 
1  1  1 

U 
SPT 

U 
SPT 

—  27" 
100 

81 
100 

147 
14 

34 
123 

124 

110 

TW 
U 
SPT 

81 
81 
100 

10 
147 
185 

8" 

17 

118 

U 

81 

163 
10" 

u 

77 

125 
7" 

15 

u 

86 

139 

u 

100 

106 
8" 

u 

GRAB. 

44 

70 

NOTES: 


SAMPLING  RES ISTANCE: 
SPT  DRIVEN  BY  140#  HAMMER  FALLING  30" 

U  AND  TW  ABOVE  EL.  +82  DRIVEN  BY  140#  HAMMER  FALLING  30" 
U  AND  TW  BELOW  EL.  +82  DRIVEN  BY  275#  SLIPJARS  FALLING  30" 
ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED  ON  OFFICIAL 
CITY  GRADE 


BORING  I 

DRILLED  12/5-7/77 


ELEVAT  ION  +120' 


\3"  ASPHALT  PAVEMENT  OVER  GRAY  SANDY  GRAVEL 

^ BROWN  FINE  SAND  

DARK  BROWN  SLIGHTLY  SILTY  FINE  SAND  WITH 

\  TRACE  RUBBLE,   ORGANIC  DEBRIS  (DRY)  

BROWN  FINE  SAND  (MEDIUM  DENSE  )(DUNE  SAND) 
(GRADING  SLIGHTLY  MOIST  AT  EL.  +110! 


(WATER  LEVEL  2/15/78,  8/22/7C) 

(GRADING  DENSE) 
(GRADING  VERY  DENSE) 

(FEW  THIN  SILTY  LENSES) 
(OCCASIONAL  THIN  SILTY  LENSE) 


GREENISH  BLACK  CLAYEY  SILT  WITH  TRACE  OF 
\  DECAYED  ORGANIC  MATTER  (VERY  STIFF-HARD) 
DARK  GRAY  FINE  SAND  (VERY  DENSE) 
(COLMA  FORMATION?) 


(GRADING  WITH  OCCASIONAL  THIN  STRINGER  OF 
GRAY  CLAYEY  SILT) 


DARK  OLIVE  GREEN  AND  BROWN-BLACK  SERPENTINE 
HIGHLY  WEATHERED  AND  FRACTURED 
(DRILLING  HARDER  AT  EL.  +2)  


LOG  OF  BORING 


DAMES  0  MOO  Ml 


PLATE  A- 1 A 


+60 


+50 


+30 


+20 


+  10 


■10 


-20 


-30 


-40 


OTHER  TESTS  a 
INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATE  (MIN./FT.) 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (%) 

SAMPLING  RESISTANCE 
(BLOWS/FT )or(H YD.  PRESS.,PSI) 

LABORATORY 

FIELD 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

NORMAL  OR  CONFINING 
PRESSURE  (PSF) 

PEAK  SHEAR 
STRENGTH (PSF) 

TORVANE  (PSF) 

PENETROMETER  (PSF) 

5 
5 

102 

TW 
SPT 

100 
100 

47 
24 

SA 

(43%) 

1 1 
1 1 

14 
12 

16 
17 

-m- 

120 
124 

TW 
SPT 

TW 
SPT 

100 
100 

50 
33 

37 
17 

26 
26 

107 

DS/CD 

2000 

1860 

TW 
SPT 

TW 
SPT 

67 
33 

67 
67 

84 
80 

110 
100 
9" 

SA 

(15%) 

~35" 
22 

22 

30 

104 
101 

DS/CD 

2700 

2700 

TW 

SPT 

TW 

SPT 

TW 

75 
33 
78 
33 
_100 
100 
100 

100 
94 

—  40 

55 
89 

20 
9 

105 

53 
.50/3! 
212 

86 

55 

123 

1 1 " 
-1  50- 

5" 

27 
23 

2  I 

101 
102 

I  06 

UC 

2860 

U 
SPT 

TW 
SPT 

-TW- 

-  14- 

13 
7 

NX 
NX 

1 1 

NX 

IX 

100 
100 

9 

I  6 

I"" 

NX 
NX 

100 
100 

14 

5 

NX 
NX 

100 
100 

8 
9 

L  17 

NX 
NX 

60 
94 

NOTES : 


SAMPLING  RESISTANCE: 
SPT  DRIVEN  WITH  140#  HAMMER  FALLING  30" 
U  AND  TW  DRIVEN  WITH  140#  HAMMER  FALLING  40"  EXCEPT 
BETWEEN  ELEVATIONS  +47  AND  +23  WHERE  320#  SLIPJARS 
FALLING  14"  WERE  USED. 

ELEVATIONS  REFER  TO  SF  DATUM  AND  ARE  BASED  ON  NEARBY 
SURVEYED  BENCHMARK 

REFER  TO  FOLLOWING  GEOLOGIC  LOGS  FOR  A  MORE  DETAILED 

DESCRIPTION  OF  THE  BEDROCK. 


BORING  2 

DRILLED  12/5.12,27-30/77 


a 

3  b 


1 


ELEVATION  +60' 


5"  OF  ASPHALT  CONCRETE 
4"  OF  GRAVEL  BASE  COURSE 


GRAY  BROWN  FINE  SAND  (MEDIUM  DENSE) (DUNE  SAND) 


DARK  SROWN  CLAYEY  FINE  SAND   (MEDIUM  DENSE) 
(COLMA  FORMATION) 
(GRADING  LESS  CLAYEY) 

(GRADING  DENSE) 
,'ELLOW  BROWN  FINE  SAND   (VERY  DENSE  1 
-(WATER  LEVEL  2/15/78) 

-(WATER  LEVEL  8/22/78) 


GRAY-BROWN  CLAYEY  SAND  WITH  ORANGE  MOTTLING 
(MEDIUM  STIFF) 


BROWN  FINE  SAND  WITH  TRACE  OF  CLAY  (VERY  DENSE  1 
(GRADING  LESS  CLAY) 


BROWN  SILTY  CLAY  (VERY  STIFF  TO  HARD)" 


BROWN  GRAYWACKE,  HIGHLY  WEATHERED  AND 
FRACTURED 

BECOMING  GRAY  TO  DARK  GRAY  MODERATELY  WEATHERED, 
STRONG  AND  HIGHLY  FRACTURED  WITH  STEEPLY 
DIPPING  JOINTS,  SOME  CLAY  FILLED 
(BECOMING  FRESH,   VERY  STRONG  AND  MORE  MASSIVE1 


(SHALE  PARTINGS  AT  ELEV.  -16.5) 
(SHEAR  ZONE  AT  ELEV.   -16  TO  -17' 


DARK  GRAY  TO  BLACK  SHALE.  FRESH.  WEAK. 
BRECC IATED 


DARK  GRAY  GRAYWACKE  WITH  OCCASIONAL  SHALE 
PARTINGS,   SLIGHTLY  WEATHERED,  MODERATELY 
FRACTURED,  STRONG  EXCEPT  FOR  SHALE  PARTINGS 


LOG  OF  BORING 


DAMES  e  MOORE 


PLATE  A- IB 


CLIENT :     CITY  a  COUNTY  OF  SAN  FRANCISCO  (DfiM  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  MFTnr>n:      ROTARY  WASH  WITH  REVERT  SLURRY  

LOCATION   SEACLIFF  NEAR  26th  AVE.  


BORING  NO. 


ELEV. 


ROCK 
TYPE 


GRAYWACKE 


FR  • 

sw 

MW 

HW- 
XW- 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


GRAY-DARK  GRAY  WITH  YELLOW- 
BROWN   IRON  STAINED  FRACTURES; 
FINE  TO  MEDIUM  GRAINED;  WELL 
INDURATED;   THICK  BEDDING 


CP=14,700  PSI 


GRADING  FRESH 


CP=19,000  PSI  -  D 


CP=20,700  PSI  -  D 
CP=17,700  PSI  -  A 


GRADING  COARSER  GRAINED 


CP=20,600  PSI  -  D 
CP-17,000  PSI  -  A 


SHALE  PARTINGS 


30°  BEDDING 


CP-14,100  PSI  -  D 


vw 

W 

MS 

S 

VS 


u 

-  3 

mis, 

m 


58- 


0  60- 


IS) 


55 


1C0 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE, ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC.)  


HIGHLY  FRACTURED 
ROUGH  SURFACES, 
SOME  CALCITE 
VE INLETS 


SHEAR  ZONE 


ASSUME  LOSS  IN 
'  GRAYWACKE 


\ 

—  SOME  FRACTURES  

89 

CALCITE  CEMENTED 

ORIENTED 

CHLORITE 

> 

MINERALS 

SOME  MECHANICAL 
BREAKAGE 


IRON  OXIDE 
STAINED  FRACTURES 


CALC ITE 
VE INLETS 


I  RON  OX  I  DE 
JTAINED 
FRACTURES 


SOME  CALCITE 
CEMENTED 

FRACTURES ,  SLIGHT 
I  RON  OX  IDE 
STAINING 


LOG  OF  BORING 


DAMES  &  MOORE 


PLATE  A- IB/I 


CLIENT: 
PROJECT: 


CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 

RICHMOND  TRANSPORT  SEWER  

ROTARY  WASH  WITH  REVERT  SLURRY 


BORING  NO. 


DRILLING  METHOD:  

LOCATION        SEACLIFF  NEAR  26th.  AVE. 


ELEV. 


60 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  ?  


90c 


OF 


ROCK 
TYPE 


tr 

Ld  ~, 

55  wi: 


iQ 


GRAYWACKE 


sw — 1 

MW 

HW 
XW 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  8EDDING/ FOLIATION,  ETC.) 


SLIGHT  BEDDING  5-10°  DIP, 
ORIENTED  CHLORITE  MINERALS 


CP=16,70O  PSI 


CP=24,600  PSI  -  D 
CP=2A,700  PSI  -  D 
CP=21,200  PSI  -  D 
CP=28,600  PSI  -  D 


GRAYWACKE  WITH  SHALE 
PART INGS 


CP=25,000  PSI  -  D 
CP=13,100  PSI  -  A 


W 

MS 

S 

vs 


72 


-17  — 


•19  — 


-23  ■ 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC.)  


BREAKS  ON 
CALCITE  CEMENTED 
FRACTURES 


PYRITE  CRYSTALS 
ON  FRACTURES 
VERY  FRESH 


CROSS  CUTTING 
RELATIONSHIPS 
OF  CALCITE 
VE INLETS 

EXHIBITS  SEVERAL 
PHASE  OF 
DEFORMAT I  ON 


SHEAR  ZONE 


SHALE  PARTINGS 
AND  BRECC I  AT  I  ON 


SOME  MECHANICAL 
BREAKAGE  ON 
CALCITE  CEMENTED 
FRACTURES 


3  <r 


^2 


LOG  OF  BORING 


Id 

5 

CO 
Old 
Zh 

3i 


REMARKS 


RUN  #4(C0NT) 


LESS  ALTERATION 
WITH  DEPTH 
FRACTURES,  MORE 
CEMENTED  (CALCITE) 


RUN  #6 


DOWN  HOLE 
PRESSURE-100  PSI 


RUN  #7 


DOWN  HOLE 
PRESSURE=50  PSI 


DOWN  HOLE  PRESSURE 
100  PS  I 


DAMES  0  MOORE 


PLATE  A- IB/2 


CLIENT: 
PROJECT: 
DRILLING  METHOD 


CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 


BORING  NO. 


RICHMOND  TRANSPORT  SEWER 


ROTARY  WASH  WITH  REVERT  SLURRY 


LOCATION 


SEACLIFF  NEAR  26th.  AVE. 


ELEV. 


60 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  5  


90c 


OF 


ROCK 
TYPE 


GRAYWACKE 


o 


5£ 


5 

xQ 


SW— 1 

MW- 

HW 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


CP=22,000  PSI  -  D 
CP=21,000  PSI  -  A 


CP=14,500  PSI  -  D 


BLACK;   BRECC I ATED 
SLICKENS IDED  SURFACES 


S I LTSTONE 
I NTERBED 


GRAYWACKE 
I NTERBED 


GRAY-DARK  GRAY  MEDIUM  COARSE 
GRAINED;  WELL  INDURATED; 
CALCITE  VEINLETS;  SHALE 
PARTINGS 


BLACK;   BRECC I ATED 


CP=2,100  PSI  -  D 


vw 

MS 


•86 


27 


lea  CH 


-33- 


96  si 


i  oo 


94 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS. 
COATING,  ETC.)  


ROUGH  FRACTURES 
FILLED  WITH 
BRECC I ATED 
GRAYWACKE  AND 
SHALE  PARTINGS 


SHEAR  ZONE 
CONTACT  60°  D 
CLAY  COATING 


HIGHLY 

BRECC IATED  SHALE 
WITH  4" 
INTERBEDS  OF 
SHEARED 
"SI LTSTONE  AND 
GRAYWACKE 

SLICKENS IDED 
SURFACES 


LOW  TO  MODERATE 
SUSCEPTIBILITY 
TO  SLAKING 


75  50  25  I   4  16  64 


MOST 

FRACTURES 
IN  GRAYWACKE 
HAVE  BEEN 
CEMENTED  WITH 
CALC ITE 


REMARKS 


RUN  HI  (CONT.) 


DOWN  HOLE  PRESSURE 
50  PS  I 
RUN  #8 


DOWN  HOLE  PRESSURE 
100  PSI 

RUN  #9 


BLACK  SCUM  ON 
SURFACE  OF  MUD 
PIT 


DOWN  HOLE  PRESSURE-0 
ONLY  WEIGHT  OF  RODS 
RUN 

0.3'  CORE  LOSS  IN 
SHALE  BETWEEN  95 
'  AND  96' 


•  VS 


END  OF  BORING 

AT  ELEVATION  -40' 


LOG  OF  BORING 


PLATE  A-IB/3 


I 


+  140 


+  120 


+90 


+70 


+30 


PERM 
SA 

(1 7% 


-18- 


■  14 


-14 


17 


-112 


-107. 
114 
110 


103 
119 


117 


112 
1 16 


111 
116 


ATTERBERG 
LIMITS 


SHEAR  STRENGTH 
TEST  RESULTS 


LABORATORY 


IDS/CD 
DS/CD 


16  DS/CD 
DS/CD 

DS/CD 


8800 
9000 


9000 
9300 

9S00 


DS/CD  9800 


DS/CD1 0,300 


xH 
(/)« 


6120 
6900 


4980 
7080 

6720 


FIELD 


10,200 


TW 
SPT 


.TW. 


TW 
SPT 
TW 


SPT 
TW 
SPT 

U 
SPT 

TW 
SPT 


Or 


_78. 


-78 


100 
78 
100 

100 
100 

91 
100 

78 


TW 

-SPT-H00-fe0/6 


So 


S  Q 


106 

9" 


-74 


110 

-  gn- 


67- -103- 


_72 

78 
100 
78 


84 

64 
108 

9" 
51/6 
90/5 

90/5 
50/2 

72 


BORING  3 

DRILLED  12/7-9/77 


ELEVATION  +142' 


"I 


SOW 


\  ASPHALT  AND  CONCRETE  7"  THICK 


CL 


SC 


SP 


IN 


BROWN  FINE  SAND  (MEDIUM  DENSE) (DUNE  SAND) 


(GRADING  LIGHT  BROWN,  SLIGHTLY  MORE  DENSE) 


(GRAD ING  VERY  DENSE) 


(BECOMING  GRAY-iROWN) 


- (WATER  LEVEL  2/15/78,  8/22/78) 


(GRADING  WITH  TRACE  OF  SILT) 


8 LACK  FINE  SANDY  S I LTY  CLAY,    (ST  I FF) (COLMA  FM) 


LIGHT  GRAY-BROWN  S I LTY  CLAYEY  FINE  SAND  WITH 
IRON  OXIDE  AND  BLACK  MOTTL I NG ( MED  I  UM  DENSE 
TO  DENSE)   (GRADING  MORE  CLAYEY  AT  EL. +45) 


BROWN  SLIGHTLY  S I LTY  FINE  SAND, 
(GRADING  TO  TRACE  OF  SILT  WITH  IRON  OX  IDE 
STAINING) 

(GRADING  DENSER,  THIN  GRAVELLY  LAYER) 
(THIN  GRAVELLY  LAYER) 


(GRADING  SLIGHTLY  SILTIER) 


,    ( PART  I Al    IRON  OXIDE  CEMENTATION) 


PLATE  A-IC 


+  140 


+  120 


+  100 


+80 


+60 


+50 


+40 


+20 


h-2 


PERM 
SA 

(17% 


-16- 


17 


105 


109 


-107 
114 
110 


103 
119 

117 


1 12 
1 16 


111 


116 


ATTER8ERG 
LIMITS 


SHEAR  STRENGTH 
TEST  RESULTS 


LABORATORY 


IDS/CD 

!ds/cd 


16  |DS/£D 
DS/CD 

DS/CD 


Oct 

zo. 


8800 
9000 


9000 
9300 


DS/CD  9800 


DS/CD1  0,300 


LUX 
X  H 

«o 
2 

<  CC 

CL  CO 


6120 
6900 


4980 
7080 

6720 


7680 


FIELD 


10,200 


TW 
SPT 


_TW. 


TW 
SPT 
TW 


SPT 
TW 
SPT 

U 
SPT 

TW 
SPT 


at- 


-67- 


67 

_72 

78 
100 
78 


100 
78 
100 

100 
100" 


a.  5 


106 
9" 


78  103- 


1  10 
-  911 


.1  03 


84 

64 
108 

9" 
51/6 
30/5 


91  90/5 
100  50/2 


TW  78 
-SPT--100-feO/6" 


BORING  3 

DRILLED  12/7-9/77 


ELEVATION  +142' 


x  ASPHALT  AND  CONCRETE  7"  THICK 


SP 


sc 


SP 


BROWN  FINE  SAND  (MEDIUM  DENSE ) (DUNE  SAND) 


(GRADING  LIGHT  BROWN,  SLIGHTLY  MORE  DENSE) 


(GRADING  VERY  DENSE) 


(BECOMING  GRAY- BROWN) 


(WATER  LEVEL  2/15/78,  8/22/78) 


(GRADING  WITH  TRACE  OF  SILT) 


BLACK  FINE  SANDY  SILTY  CLAY,   (ST  I FF) (COLMA  FM) 


LIGHT  GRAY-BROWN  S I  LTV  CLAYEY  FINE  SAND  WITH 
IRON  OXIDE  AND  BLACK  MOTTL I NG (MED  I UM  DENSE 
TO  DENSE)   (GRADING  MORE  CLAYEY  AT  EL. +45) 


IN 


;ROWN  SLIGHTLY  SILTY  FINE  SAND. 
(GRADING  TO  TRACE  OF  SILT  WITH   IRON  OXIDE 
STAINING) 

(GRADING  DENSER,  THIN  GRAVELLY  LAYER) 
(THIN  GRAVELLY  LAYER ) 


(GRADING  SLIGHTLY  SILTIER) 


(PARTIA1    IRON  OXIDE  CEMENTATION) 


DAMES  MOORE 


PLATE  A-IC 


CO 

"J 

ii 

t 

f" 

i< 

1 

I 

■n  1 1  i;m  mi 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATE  [MM/FX] 

C 

3 

3» 

i 

Hi 

si 

:■  ■ 

LABORATORY 

FIELD 

1 

:■ 

s 

:- 

□ 

! 

C 

■  ■ 

. 

;.: 

'■: " 

«s 
a", 
it 

ii 

1 

a 
c 

5 

i 

£ 

. — 

— 

n 

-111 
1QS 

—78- 

—17- 

U 

7a 

Z4 

-101 
-112 

-  1  14 

i  ■<. 

—  14. 

— U- 

—93- 

—14- 

u 

—  78_ 

-1 03- 

—16- 

-U 

-78- 

-74- 

i  i 

17 

109 

u 

.18. 

-107 

—67 

78 
50 

_28_ 

33 
32 
19 

19 

is 

114 
1  10 

DS/CD 
BS/CI 

3000 

G  1 1 D 
6900 

TW 
SPT 

TW. 

67 
72 

78 
100 
78 

21 
14 

IS 

103 
1  19 

117 

23 

DS/U 

:s/cd 

90  DO 

yaoo 

9500 

49G  : 
70  BO 

6720 

TW 
SPT 
rw 

16 
18 

1  [2 

1  16 

BS/CB 

9800 

7  6-3  0 

SPT 
SP1 

SPT 

TW 
SPT 

-sH 

100 
78 

too 

100 
100 

91 

100 

78 
-100- 

97 
100 

100 

84 
64 

i 

V 

n7(  ii 

II  ■  •: " 

■  ■ 
>0/2" 

72 

■  -  ■ 

85 

i 

Tl 

54/6' 

PERM 
SA 

17 
17 

111 

1  16 

22 
21 

104 
108 

S/CD 

1800 

7290 

TW 
SPT 

TW 

12 
22 

113 
105 

s/co 

ipoo 

iqp2i 

rtl 

SPT 

rw 

a  j 
89 

SPl 
TW 
SPT 

B2 
71 
100 

.  ■  ■ 
i.  ■ 

94 

1  1 

BORING  3 

DRILLED  12/7-9/77 


E  LEVA  I  ION  •  li." 


(GRADING  LIGHT  BROWN,  S L [GHTLY  MORE  DENSE) 


(GRADING  VERT  DENSE) 


(BECOMING  GRAi-ROWN) 


(WATER  LEVEL  2/15/78.  8/22/78) 


(GRADING  WITH  TRACE  i 


BLACK  FINE  SANOY  SILTY  CLAY.  (ST  I FF) (COLMA  FM) 


LIGHT  GRAY-8R0WN  SILTY  CLAYEY  FINE  SAND  WITH 
IRON  OXIDE  AND  BLACK  MOTTL  I  NG ( MED  I UM  DENSE 
TO  DENSE)  (GRADING  MORE  CLAYEY  AT  EL. +45) 


LROWN  SLIGHTLl  SILTY  FINE  SANO, 
(GRADING  TO  TRACE  OF  SILT  WITH  IRON  OXIDt 
STAINING) 

(GRADING  DENSER.  THIN  GRAVELLY  LAYER) 
(THIN  GRAVELLY  LAYER) 


(GRADING  SLIGHTLY  SILTIER) 
(PARTIAL  IRON  OXIDE  CEMENTATION) 


(IRON  OXIDE  CEMENTATION, GRADING  OUT) 
(GRADING  DARK  BROWN ,  TRACE  OF  SILT) 


(GRADING  BROWN  WITHOUT  SILT  AND  WITH  SOME 

IRON  OXIDE  STAINING) 
(GRADING  SLIGHTLY  SILTY) 


CL-  .^JtLLOW-fjHOYJN  SILTY  C LAY   (WEATHERED  BEDROCK) 
YELLOW-GREEN  AND  BLACK  HIGHLY  WEATHERED  AND 

ALTERED  SERPENT  INE  ROCK 
^BECOMING  HARDER  AT  EL.  -  IS.S *  


SAMPLING  RES ISTANCE i 
SPT  DRIVEN  8Y  140#  HAMMER  FALLING  30" 
U  AND  TW  DRIVEN  BY  27$<>  SLIPJARS  FALLING  30" 

ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  8ASE0 
ON  OFFICIAL  CITY  GRADE 


LOG   OF  BORING 


DAMES  e  MOORE 


+  120 


+  100 


+90 


+80 


+70 


+60 


+50 


+40 


+30 


.+20 


-10 


ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CO 

LABORATORY 

FIELD 

Q. 

CO 

cn 

1   OTHER  TESTS  fi 
!  INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

:   NORMAL  OR  CONFINING 
j   PRESSURE  (PSF) 

PEAK  SHEAR 
STRENGTH  (PSF) 

TORVANE  (PSF) 

PENETROMETER  (PSF) 

CORING  RATE  (MIM./FT. 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (°/< 

SAMPLING  RESISTANCE 
(BLOWS/FT)  or(H  YD.  PRE 

13 

105 

TW 
SPT 

TW 
SPT 

78 
75 

00 
67 

20 
38 
10' 
17 

42 

12 

108 

DS/CD 

1700 

1524 

TW 
SPT 

TW 
SPT 

78 
67 

67 
67 

22 
46 

31 
64 

13 

107 

DS/CD 

2700 

1992 

TW 
SPT 

TW 
SPT 

78 
75 

50 
67 

43 
115 
10" 

51 
100 
—  6"- 

17 

110 

OS/ CD 

4000 

2880 

TW 
SPT 

61 
100 

61 

50 
6" 

19 

103 

TW 
SPT 

67 
100 

83 
50 
TTi 

15 

117 

DS/CD 

5700 

3720 

U 

83 

50 
W< 

18 

118 

U 

55 

50 
5" 

U 

52 

50 

575" 

21 

108 

U 

78 

87 

U 

85 

90 
11" 

u 

88 

97 
10" 

u 

82 

89 
TT" 

BORING  4 

DRILLED  12/12-13/77 


ELEVATION  +1 14' 


SP 


^ASPHALT  PAVEMENT  

GRAY- BROWN  FINE  SAND   (MEDIUM  DENSE ) (DUNE  SAND) 


(GRADING  DENSE) 


(GRADING  TO  VERY  DENSE) 


(NO  GROUND  WATER  TO  +65',  HOLE  CAVED) 
(GROUND  WATER  ESTIMATED  AT  +65') 


LOG  OF  BORING 


PLATE  A- ID 


il 

si 
■ 

t 

a 
1 

1 
° 

ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

§ 
i 

1 

i 

i 

i 

!» 

b 

3 

t 

1 

--- 

1 

1 
IS 

| 

| 
1 

13 

105 

»' 

67 

a 

11 

108 

ds/cd 

,5! 

7B 

67 

67 
ft? 

„ 

107 

DS/CO 

2700 

1  Ttf  2 

6  7 

no 

DS/CE 

4000 

Ti- 

19 

10) 

67 

too 

83 

IS 

117 

3720 

„ 

83 

18 

lie 

„ 

ss 

52 

St*" 

2. 

.« 

II 

78 

67 

u 

» 

fl 

u 

SB 

ft 

„ 

TT" 

u 

•  ■ 

22 

II 

a: 

t¥' 

u 

62 

-« 

TT" 

18 

IIS 

■ 

-™ 

» 

re  ■ 

BORING  4 


■I 


I  (H'tOtUM"  OEHSC  |(DUNE  SAND  > 


(GRADING  to  vff.  DENSE ) 


SLIGHTLY  SILTY) 


STAINED  (MEDIUM  D 


'  FINE  SANO.  LIMOHITE 


OH  OFFICIAL  ( 


PLATE  A- ID 


+60 


+40 


+30 


+  10 


PERM 
SA 

(3%) 


1  —  1  05 


112 


—  18--109 


20--1  1 1- 


103 
109 


1  1  1 


ATTERBERG 
LIMITS 


DS/CD 


SHEAR  STRENGTH 
TEST  RESULTS 


LABORATORY 


DS/CD  3500 


DS/CD  3700 


cr  ui 
o  cc 
2Q. 


2700 


DS/CD-5200- 


1600 


3170 


FIELD 


NOTES: 


TW""100  —  34" 


TW 
SPT 


"  TW 
SPT 
TW 
SPT 


-u- 

SPT 


U 
SPT 


U 
SPT 


-TW- 
SPT 


U 
SPT 


U 
SPT 


U 
SPT 


100 
100 

~67 
100 
71 
33 


100 
72 


61 
100 


o  u. 

Q-  3 


97 
.3  1  5_ 

189 
11" 

9S/6'J 
171 

100 

29 


104 


170 


1.  SAMPLING  RESISTANCE: 

SPT,  U  AND  TW  DRIVEN  BY  1 40#  HAMMER  FALLING  30" 

2.  ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED  ON 

OFFIC IAL  C ITY  GRADE 


BORING  5 

DRILLED  12/12-19/77 


ELEVATION  +70.5' 


LIGHT  BROWN  FINE  SAND. LITTLE  S I LT (MED  t  UM  DENSE ) 
(SILT  GRADING  OUTXDUNE  SAND) 


-(WATER  LEVEL  2/15/78,  6/9/78) 


(GRADING  DENSE) 


(GRADING  TO  MEDIUM  DENSE) 


GRAY  SILTY  FINE  TO  MEDIUM  SAND  (VERY  DENSE  1 
(COLMA  FORMATION) 


GREENISH  CLAYEY  SILTY  FINE  SAND  (VERY  DENSE) 


LOG  OF  BORING 


DA  ME  8  e  MOOR! 


PLATE  A-IE 


+  120 


+  100 


+90 


+80 


,+70 


+50 


+20 


OTHER  TESTS  8 
INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATE  (MIN./FT.) 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (%) 

SAMPLING  RESISTANCE 
(BLOWS/FT) or (H YD.  PRESS..PSI) 

LABORATORY 

FIELD 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

NORMAL  OR  CONFINING 
PRESSURE  (PSF) 

PEAK  SHEAR 
STRENGTH  (PSF) 

TORVANE  (PSF) 

PENETROMETER  (PSF) 

U 

U 

78 
78 

16 

20 

TW 

36 

100 

5" 

—  67- 

-loo- 
s'1 

-  u  — 

7 
7 

NX 

83 

—  7  " 

-10- 
10 

NX 

100 

NX 
NX 
NX 

100 
100 
100 

T 

9 

NX 

50 

i 

NX 

100 

NX 
  , 

91 

BORING  6 

DRILLED  12/14-21/77 


I 


ELEVATI ON  150' 


ASPHALT  AND  CONCRETE 

BROWN  FINE  SAND, (MEDIUM  DENSE)  (DUNE  SAND) 


(GRADING  WITH  A  TRACE  OF  CLAY) 


YELLOW  BROWN  CLAYEY  FINE  SAND  (VERY  DENSE) 
(COLLUVIUM) 


GRAY  GRAYWACKE  BEDROCK,  HIGHLY  WEATHERED  AND 
FRACTURED 

(WATER  LEVEL  8/22/78) 
(WATER  LEVEL  2/15/78) 

(STRONG,    FRESH,   LESS  FRACTURED) 


GRAY  GRAYWACKE,  FRESH,  VERY  STRONG 
(RQD=25%) 


(RQD=45%) 


(GRADING  WITH  SHALE  PARTINGS; 


BLACK  SHALE  AND  SILTSTONE,  HIGHLY  BRECC I ATED 
(SHEAR  ZONE) 


(HIGHLY  8RECC IATED  SHALE  AND  GRAYWACKE ) 


SILTSTONE  AND  SHALE 


BLACK  SHALE  INTERBEDS 

GRAY  GRAYWACKE  WITH  CALCITE  VE  INLETS  CRQD=40.i) 


DAMES  ft  MOOM 


PLATE  A- IF 


'L  IMC  RESISTANCE: 
r  DRIVEN  BY  140V  t 
UNO  TW  DRIVEN  BY  i 


ON  NEARBY  SURVEYED  E 
.  REFER  TO  FOLLOWING  GEOLOGIC  I 
OEIAILED  DESCRIPTION  OF  THE 


LOG  OF  BORING 


PLATE  A- IF 


CLIENT :     CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 


PROJECT: 


DRILLING  METHOD: 


RICHMOND  TRANSPORT  SEWER 


ROTARY  WASH  WITH  REVERT  SLURRY 


BORING  NO. 


ANGLE  FROM 
HORIZONTAL  . 


90c 


LOCATION 


29th  AVE.  NEAR  LAKE  STREET 


ELEV. 


150 


FAGE 


OF 


ROCK 
TYPE 


GRAYWACKE 


GRAYWACKE 


OS 
cc 

LU 


5 

xQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE  .TEXTURE , 
MINERALOGY,  BEDDING /FOLIATION,  ETC.) 


GRAY;   FINE  TO  MEDIUM  GRAINED; 
WELL   INDURATED;  MASSIVE 
BEDDING 


9.5'  TR I  CONE  DRILLING 


1 


SAME  AS  ABOVE 
 -CP-5,100  PSI  -  D 


75- 


76 


73 


65- 


86 


63 


•90 


(TOT 
U-O 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE, ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC  )  


CC 

Z>  CC 


_  o 

0° 


5 

OLd 
ZH 

_  Z 
Q ' — 


MOST  FRACTURES 
COATED  WITH 
CALCITE;  SOME 
HAVE  CLAY  COAT  I 


REMARKS 


RUN  »1 

DRILLING  HARD 
FRANCISCAN  GRAYWACKE 
DRILLING  RATE   I'  IN 
5-4  MIN. 


TRICONE  DRILLING 


CUTTINGS  SHOW 
GRAYWACKE 


<-  vw 
•—  w 

MS 

s 
vs 


LOG  OF  BORING 


DAMES  d  MOORE 


PLATE   A- IF/I 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


CLIENT: 
PROJECT: 

DRILLING  METHOD-". 
LOCATION  29th.  AVE.  NEAR  LAKE  STREET 


BORING  NO. 


ROTARY  WASH  WITH  REVERT  SLURRY 


ELEV. 


150 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  2  


90° 


OF 


ROCK 
TYPE 


GRAYWACKE 


SILTSTONE 
AND  SHALE 


FR 
SW 
MW 

MW- 

xw 


cr 

LlI 


xQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY.  BEDDING /FOLI  ATI  ON ,  ETC.) 


CP=37,200  PSI 
CP-29,300  PSI 


8'  TR I  CONE  DRILLING 


GRAY  SILTSTONE  WITH  BLACK 
SHALE  LAMINATIONS 


CP=9,100  PSI  -  A 


CP=1,400  PSI  -  D 
SILTSTONE  AND  SHALE 
BRECC IA 


10'  TRICONE  DRILLING 


ZJ 


-  w 

 MS 

—  S 

—  vs 


94 


96 


51 


102 


45- 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC  ) 


C/5 
UJ 

oc,o 
<r 

I   4  16  64 


n 


100 


PARTING  ON  SHALE 
LAM  I  NAT  IONS 


BLACK  SHALE 
SLICKENS IDED 


SHEAR  ZONE 

VERY  HIGH 
SUSEPTIBILITY 
TO  SLAKING 


UJ 

Si 

o:_ 
w 

Old 
"j3 


REMARKS 


RUN  #2  (CONT. 


RUN  #3 


DRILLED  ELEVATION 
44-34,  CHIEFLY 
8LACK  SHALE 


LOG  OF  BORING 


PLATE  A-IF/2 


CLIENT:     CITY  a  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  MFTHnn:    ROTARY  WASH  WITH  REVERT  SLURRY  


BORING  NO.. 


ANGLE  FROM 
HORIZONTAL  - 


90° 


LOCATION 


29th.  AVE.  NEAR  LAKE  STREET 


ELEV. 


150 


PAGE. 


OF 


ROCK 
TYPE 


S I LTSTONE 
AND  SHALE 


GRAYWACKE 


GRAYWACKE 


SHEARED 
GRAYWACKE, 
-SI LTSTONE  " 
AND  SHALE  WITH 
CLAY  BINDER 


FR  • 

sw- 
im W- 

HW- 

xw- 


o5 

O 


xQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


10'  TRICONE  DRILLING 
CONTINUED 


ASSUMED  CONTACT 


GRAY;  FINE  GRAINED 
WELL  INDURATED 


GRAY  TO  BLACK  HIGHLY 
BRECC IATED 


TRICONE  DRILLING 


H 


L  vw 
w 

MS 

s 
vs 


m 


JS 
mi 


112 


m 


37 


35  ■ 


120 


122 


o 

2?  o 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


75  50  25 
I   I  I 


to 

Ui 

oo-o 

II. 

I  4  16  64 
I  i  I  i  I  i  I 


%  100 


< 

w 

Old 
z  P 


SHEAR  ZONE 
HIGHLY 
"BRECC IATED 
GRAYWACKE 
S I LTSTONE 
AND  SHALE 
WITH  CLAY 
BINDER  HIGH 
SUSCEPTIBILITY 
TO  SLAKING 


HIGH 

SUSCEPTIBILITY 
TO  SLAKING 


REMARKS 


DRILLED  ELEVATION 
44-34  CHIEFLY  BLACK 
SHALE 


LOG  OF  BORING 


DAME 8  e  MOOR! 


PLATE   A- IF/3 


CLIENT: 
PROJECT: 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


BORING  NO. 


DRILLING  METHOD  •' 


ROTARY  WASH  WITH  REVERT  SLURRY 


LOCATION 


29th.  AVE.  NEAR  LAKE  STREET 


ELEV. 


150 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  4  


90° 


OF 


ROCK 
TYPE 


SHEARED 
S I LTSTONE 
AND  SHALE 


SI LTSTONE  AND 
SHALE  — 


GRAYWACKE 


O 

x 


Flu 
few 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE  .TEXTURE , 
MINERALOGY,  BEDDING /FOLIATION,  ETC.) 


SHEARED 
SI LTSTONE  AND 
SHALE  WITH 
CLAY  BINDER 


GRAYWACKE 


FR 

sw- 
im w- 

HW- 

xw- 


ASSUMED  CONTACT  OF 
SHEAR  ZONE 


II 


GRAY  S  I  LTSTONE  WITH 
LAMINATION  OF  BLACK  SHALE 


CP=14,100  PSI  -  D 


GRAY;   MEDIUM  TO  COARSE 
GRAINED;  WITH  OCCASIONAL 
SHALE  LAMINATION;  THICK 
BEDDED. 

-GRADING  COARSER  GRAINED 
SHALE  LAMINATION 


CP=24,200  PSI 


CP=9,900  PSI  -  D 


T 


GRAY  TO  BLACK  HIGHLY 
BRECC IATED 


2'   TRICONE  DRILLING 


GRAY;   MEDIUM  TO  COARSE 
GRAINED:  WELL   I NDURATED  W ITH 

rCALCITE  VE INLETS 

 CP-22,400  PSI  -  D 

GRADING  COARSE  GRAINED  WITH 
SHALE  INCLUSIONS 


126  1 


1 30  S 


132 


136 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


75  5025 
 I  I  L 


oo-o 


4  16  64 

ULti 


< 

Oil! 


□  2 


1 


SLICKENSIDES  ON 
SHALE  LAMINATIONS 


LOW  SUSCEPTIBILITY 
TO  SLAKING 


CALC ITE  VE INLETS 


SHEAR  ZONE  HIGH 
SUSCEPTIBILITY  TO 
SLAKING 


CUTTINGS  INDICATE 
SHEAR  ZONE 


•  vw 
■  w 

•  MS 

•  s 

•  vs 


SLICKENS IDED 
SHALE  SURFACES 


REMARKS 


DRILLED  WITH  ROCK  BIT 
7.2'  TRICONE 
DRILLING 
(CONT INUED) 


RUN  #7 


DRILLED  WITH  ROCK  BIT 
CUTTINGS  SHOWED  BLACK 
SHALE 


HARD  DRILLING 


LOG  OF  BORING 


DAMES  0  MOORE 


PLATE  A-IF/4 


CLIENT: 
PROJECT: 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 

RICHMOND  TRANSPORT  SEWER  

ROTARY  WASH  WITH  REVERT  SLURRY 


BORING  NO.. 


DRILLING  METHOD  •' 
LOCATION       29th.  AVE.  NEAR  LAKE  STREET 


ELEV. 


150 


ANGLE  FROM 
HORIZONTAL  - 

FAGE  5  


90° 


OF 


ROCK 
TYPE 


GRAYWACKE 


«8 

<r  UJ 
UjUJ 


5 

xQ 


FR 
SW— 1 

MW- 
HW 

xw 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


TH  SHALE  LAMINATIONS 

CP=6,300  PSI  -  A 
CP=16,900  PSI  -  D 

CP=22,800  PSI  -  D 


CP=21,300  PSI  -  D 
CP=21,300  PSI  -  D 


CP=20,400  PSI  -  D 


CP=17,000  PSI  -  D 
CP=32,900  PSI  -  D 


CP=24,600  PSI  -  D 


CP=28,600  PSI  -  D 
CP=27,600  PSI  -  A 


vw 
w 

MS 

S 

vs 


140 


142 


144 


0  150 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


100 


755025  I   4  1664 


FRACTURES  ALONG 
CALC ITE  VE I NLETS I 


< 


REMARKS 


RUN  #8  (CONT. ) 

SOME  FRACTURES,  COULD 

BE  MECHANICAL  BREAKAGE 


SOME  FRACTURES,  COULD 
BE  MECHANICAL  BREAKAGE 


LOG  OF  BORING 


DAM  ES  a  MOORE 


PLATE  A- IF/5 


CLIENT: 
PROJECT: 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


BORING  NO. 


DRILLING  METHOD 


ROTARY  WASH  WITH  REVERT  SLURRY 


LOCATION 


29th.  AVE.  NEAR  LAKE  STREET 


ELEV. 


150 


ANGLE  FROM 
HORIZONTAL  - 

FACE  §  


90° 


OF 


ROCK 
TYPE 


GRAYWACKE 


SHEARED 
S I LTSTONE 
AND  SHALE 


OS 
JjUJ 

*52 


5 

iQ 


I 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC. 


CP=14,800  PSI  -  D 


GRAY  S I LTSTONE ,   BLACK  SHALE 


GRAY;  MEDIUM  GRAINED;  WELL 
INDURATED;   THICK  BEDDED 


CP=14,700  PSI  -  D 


CP=26,400  PSI  -  D 
CP=7,500  PSI  -  A 


WITH  SHALE  LAMINATIONS 


156 


-WmSc 


158 


40 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC.)  


HIGHLY 
BRECC IATED 
HIGH 

SUSCEPT I  8  I L I TY 
TO  SLAKING 


75  5025  I   4  1664 


< 

»  w 
OUJ 
~t- 
_  3 

or  5 


ASSUME  LOSS  IN 
.GRAYWACKE 


REMARKS 


RUN  ff  10  (CONT.  ) 


RUN  #1 1 

SOME  FRACTURES  COULD 
BE  MECHANICAL 


SOME  FRACTURES  COULD 
BE  MECHANICAL 


RUN  #12 


TERMINATION  OF  BORING 
AT  ELEVATION  -17' 


FR 
SW— 1 
MW 

HW- 

xw 


vw 
•—  w 

MS 

s 

VS 


LOG  OF  BORING 


DAMES  B  MOOR  I 


PLATE  A- IF/6 


+  150 


H40 


+  130 


+  120 


+  110 


+90 


+70 


+60 


+50 


"+40 


SPT  DRIVEN  BY  140#  HAMMER  FALLING  30" 
U  AND  TW  DRIVEN  BY  340#  SLIPJARS  FALLING  18" 
ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED 
ON  OFFICIAL  CITY  GRADE, 


OTHER  TESTS  8 
INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATF  (MIN./FT.) 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (%) 

SAMPLING  RESISTANCE 
(BLOWS/FT)or(HYD.  PRESS., PSD 

LABORATORY 

FIELD 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

NORMAL  OR  CONFINING 
PRESSURE  (PSF) 

PEAK  SHEAR 
STRENGTH (PSF) 

TORVANE  (PSF) 

PENETROMETER  (PSF) 

5 

107 

U 

100 

25 

SA 

15 

103 

DS/CD 

1700 

1490 

U 

100 

76 

19 

105 

U 

89 

105 

18 

108 

DS/CD 

3900 

3350 

U 

100 

70 

SA 

21 

99 

U 

100 

-  6"" 
100 

(1%) 

19 

107 

DS/CD 

6000 

4980 

U 

100 

-  411" 
37 

18 

113 

U 

100 

2 11 
28 

SA 

(22%) 

22 

108 

U 

100 

60 

PERM 
SA 

'(12% 

1 9 

1 1 1 

DS/CD 

7100 

5400 

u 

92 

—  gu  - 
53 

15 

121 

u 

90 

6" 

100 
4.5" 

u 

SPT 

80 
100 

182 
10" 



PT 
PT 
SPT 

0 

1  00 

BORING  7 

DRILLED  12/21-28/77 


SP       DARK  BROWN  FINE  SAND  (MEDIUM  DENSE ) (DUNE  SAND) 


(GRADING  TO  VERY  DENSE) 


ELEVAT I  ON  +147 1 

ASPHALT,   CONCRETE.   AND  BASE  ROCK 


(WATER  LEVEL  6/9/18  2/15/78) 


DARK  BROWN  S I LTY  CLAY  (COLMA  FORMATION) 


BROWN  CLAYEY  FINE  SAND  (MEDIUM  DENSE) 
(COLMA  FORMATION) 


DARK  BROWN  S I LTY  FINE  SAND   (VERY  DENSE) 


DARK  BROWN  TO  REDDISH  BROWN  SLIGHTLY  S I LTY 
FINE  SAND  (VERY  DENSE) 


(OCCASIONAL  TRACE  OF  FINE  GRAVEL) 


LOG  OF  BORING 


DAMES  B  MOORE 


PLATE  A-IG 


LOG  OF  BORING 


imes  a  MOORE 


PLATE  A-IG 


+20 


•10 


•20 


-30 


-40 


ATTERBERG 

SHEAR  STRENGTH 
TEST  RESULTS 

CO 

LIMITS 

LABORATORY 

FIELD 

SS  P 

NORMAL  OR  CONFINING 
PRESSURE  (PSF) 

SAMPLING  RESISTANCE 
(BLOWS/FT)  or  (H  YD.  PRE 

OTHER  TESTS  8 
INFORMATION 

MOISTURE  CONTENT  (7. 

DRY  DENSITY  (PCF) 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

PEAK  SHEAR 
STRENGTH (PSF) 

TORVANE  (PSF) 

PENETROMETER (PSF) 

CORING  RATE  (MIN./F1 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (' 

BORING  8 

DRILLED  12/20-28/77 

ELEVATION  +28' 

4 

5 

99 
98 

DS/CD 

700 

460 

U 
SPT 

U 
SPT 

100 
100 
100 
56 

10 

5 
8 
5 

ca 

E 

SP 

\ASPHALT  CONCRETE  PAVEMENT ,   6"  THICK 
BROWN  FINE  SAND  (LOOSE)(DUNE  SAND 

SA 

(1%) 

5 

93 

DS/CD 

1200 

810 

U 
SPT 

78 
44 

18 
13 

(GRADING  MEDIUM  DENSE) 

5 

100 

U 
SPT 

78 
44 

23 
1  1 

B 

5 

95 

DS/CD 

2200 

1440 

U 
SPT 

83 
56 

28 
17 

H 

:::: 

 (WATER  LEVEL  2/15/78,  8/22/78) 

U 
SPT 

67 
44 

24 
9 

m 

a 

Mf#< 

U 
SPT 

0 

100 

-100- 
66 

(GRADING  TO  VERY  DENSE) 

SA 

(1%) 

22 

106 

U 
SPT 

100 
78 

52/6' 
86 

™ 

U 

44 

B 

u 

SPT 

0 
0 

26 
24 

E 

24 

97 

U 
U 

83 
100 

106 

150 
8" 

■ 

(SOME  REDDISH-BROWN  MOTTLING) 

NOTES : 


SAMPLING  RESISTANCE: 

U  AND  SPT  DRIVEN  BY  140#  HAMMER  FALLING  30" 
ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED 

ON  OFFICIAL  CITY  GRADE 


LOG  OF  BORING 


DAME8  e  MOORE 


PLATE  A-IH 


• 


+  170 


+  120 


+  110 


+  100 


+80 


So 
h5 


-p  cj 


SA 

:4i%: 


SA~ 
[40%) 


16 


20 


20 


15 


20 


25 


16 


99 


116 


108 


102 


106 


ATTERBERG 
LIMITS 


SHEAR  STRENGTH 
TEST  RESULTS 


LABORATORY 


Su.  u. 

Rn  co 

°Q.  0:°- 

cc—  <  — 

OUJ  UJX 

.a:  x  Jr 

S  to  ,,Z 

(r  ui  -*  ~ 
Ocr 


<CT 
UJH 
CL  CO 


FIELD 


20  iiJf 'driven 'by  AW'ha^'faII^g ^3" 

U  SAMPLER  DRIVEN  BY  275#  SLIPJARS  FALLING  30" 
2.  ELEVATIONS  REFER  TO  SF  DATUM  AND  ARE  BASED  ON 
OFFICIAL  CITY  GRADE 


67 


75 


90 


76 


72 


75 


78 


CO 
CO 
W  UI 

o  tr 
z  a. 

co  >: 


£5 
2°, 


21 


25 


13 


95. 
9" 


90 


74 


23 


BORING  9 

DRILLED  12/22-27/77 


ELEVAT ION  +161 


■ 

-I  ' 


MM 


I 


\  ASPHALT  PAVEMENT,  4"  THICK 


SP 


BROWN  TO  YELLOW  BROWN  FINE  SAND  (MEDIUM  DENSE) 
!DUNE  SAND) 


YELLOW  BROWN  CLAYEY  FINE  SAND  WITH  DARK  BROWN 
MOTTLING  (MEDIUM  DENSE) 
(COLMA  FORMATION) 
■  (WATER  LEVEL  8/22/78,  2/15/7C) 


BROWN  FINE  SAND  WITH  TRACE  OF  CLAY  (VERY  DENSE) 


(GRADING  REDDISH-BROWN) 


BROWN  TO  YELLOW  BROWN  CLAYEY  FINE  SANO 
(MEDIUM  DENSE) 


BROWN  FINE  SAND  WITH  TRACE  OF  CLAY  (VERY  DENSE) 


LOG  OF  BORING 


PLATE  A- 1 1 


LOG  OF  BORING 


tmu  a  moom 


PLATE  A- 1 1 


+80 


+70 


+30 


+  10 


■20 


-30 


PERM 

SA 

(1%) 


SA 
(16%) 

SA 

r35%jp 


■4  — -100 


22 


107 
101- 
109 


103 


ATTERBERG 
LIMITS 


DS/CD 


SHEAR  STRENGTH 
TEST  RESULTS 


LABORATORY 


DS/CD 


DS/CD 


Qtr 

2  Q_ 


5800 


6500 


Sx 


2520 


4440 


4920 


FIELD 


U  50 


100 
100. 
100 
-  80 
0 

100- 
100 


PT  -|—  0- 
100 


-85- 
50 

-100 
33 

100- 
71 


U  100— 


UJ  Ul 
2  O- 
So 


2 

Ol  3 

2s 


60 
4" 

40 
"2"' 

100 
6" 

100 

4"" 

70 
75 


40 
2.5' 


100 
4.5' 


BORING  10 

DRILLED  1/19-20/78 


ELEVATION  +7 1 1 


I 


^.ASPHALT,  4";   SAND  AND  GRAVEL  SU8-  BASE  ■  7" 
BROWN  FINE  SAND  (MEDIUM  DENSE ) ( DUNE  SAND) 


SM 


SM 


SP 


(GRADING  VERY  DENSE) 


(SOME   IRON  OX  IDE  STAINING) 
-(WATER  LEVEL  8/22/78.  2/15/78) 


DARK  GRAY  SILTY  FINE  SAND  (VERY  DENSE) 
(COLMA  FORMAT  ION  7) 


DARK  GREEN-GRAY  SILTY  FINE  SAND  (VERY  OENSE) 
(GRADING  LESS  S ILTY) 


DARK  8R0WN  FINE  SAND  (VERY  DENSE) 


SAMPLING  RESISTANCE: 

U  SAMPLER  DRIVEN  BY  340#  SLIPJARS  FALLING  18" 
ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED  ON 

OFFICIAL  CITY  GRADE. 


LOG  OF  BORING 


DAMES  a  MOOR! 


PLATE  A-IJ 


+110 


+  100 


+80 


+40 


+30 


OTHER  TESTS  a 
INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATE  (MIN./FT.) 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (%) 

SAMPLING  RESISTANCE 
(BLOWS/FT)or(HYD.PRESS.,PSI) 

LABORATORY 

FIELD 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

NORMAL  OR  CONFINING 
PRESSURE (PSF) 

PEAK  SHEAR 
STRENGTH  (PSF) 

TOR  VANE  (PSF) 

PENETROMETER  (PSF) 

4 

102 

U 

100 

35 

TW 

44 

103 

U 

89 

68 

18 

TW 

93 

90 

8" 

SA 

[16%) 

22 

108 

TW 

100 

100 
10" 

22 

1 1  1 

DS/CD 

6000 

5160 

TW 

100 

65 
6" 

SA 

[15%) 

20 
25 

109 
103 

TW 

TW 

100 
100 

65 
6" 

90 

20 
22 

1 10 
106 

DS/CD 

7300 

4380 

TW 
SPT 

TW 

100 
100 

83 

25 
74 

65 
6" 

23 
20 

1 10 

TW 
SPT 

TW 

67 
100 

83 

75/6" 
112 
6" 
85 
6" 

24 
21 

100 
112 

DS/CD 

9000 

7560 

TW 
SPT 

U 

82 
100 

82 

125 
"ST 

150 
~S" 

100 
5" 

SA 
[29%) 

21 

109 

U 
SPT 

100 
100 

50 
79 

NOTES: 
1. 


SAMPLING  RESISTANCE: 
SPT  DRIVEN  BY  140#  HAMMER  FALLING  30" 
U  AND  TW  DRIVEN  BY  340#  SLIPJARS  FALLING  18' 

ELEVATION  REFER  TO  S.F  DATUM  AND  ARE  BASED 
ON  OFFICIAL  CITY  GRADE 


BORING  II 

DRILLED  12/29/77-1/5/78 


4 


SM 


SP 


SP 


ELEVATION  +133' 

2"  OF  ASPHALT.   5"  OF  CONCRETE,   2"  CRUSHED  PQCk 


BROWN  FINE  SAND  (DENSE) 
(DUNE  SAND ) 


(GRADING  VERY  DENSE  ) 


-(WATER  LEVEL  2/15/78,  6/8/78) 


DARK  GREEN  S I LTY  FINE  SAND  (VERY  DENSE) 
(COLMA  FOUNDATION) 


ORANGE  8R0WN  FINE  SAND  WITH  TRACE  OF  SILT 
(VERY  DENSE) 


(GRADING  REDD  I SH- 8R0WN ,  SLIGHTLY  MORE  S I LTY ) 
(GRADING  LESS  S I LTY ) 


REDDISH-BROWN  CLAYEY  FINE  SAND  (DENSE) 


REDDISH-BROWN  SLIGHTLY  S I LTY  FINE  SAND 
(VERY  DENSE) 


(GRADING  LESS  S I LTY ) 


REDDISH-BROWN  C.AYEY  FINE  SAND  (VERY  DENSE ) 


LOG  OF  BORING 


PLATE  A- IK 


SPI  DRIVEN  BY  140*  HAMMER  FALLING  30" 
i     CLEVAT  ION  REF£RNiay  SUPjARS  rALLING  ,8" 

OM  OFFICIAL  CITY  GRADE 


LOG  OF  BORING 


PLATE  A- IK 


H50 


+  140 


+  130 


+  120 


+70 


-110 


1-5 


o2 


.  SA 
1%) 


SA 
(1%) 
SA 

(32% 


1 2-  -  98 


_21_. 


17 —  99 


110 
1  14 

107- 
108 


97 


107 


ATTERBERG 
LIMITS 


SHEAR  STRENGTH 
TEST  RESULTS 


LABORATORY 


<  => 

is  <n 

CC  UJ 
On 

zo. 


DS/CC. 


< 

xH 

C/,0 

z 
i£UJ 

<  CC 
UII- 
O.  CO 


FIELD 


U 
SPT 


-  U- 
SPT 


.  82 

78 
100 

-  75 
56 
75 


UJ  ui 
z  a- 


67 


67  12- 


67--  59 


67--  68- 


78  ._  72 


-TW 


NOTES: 

1 .  SAMPLING  RES ISTANCE: 

SPT  DRIVEN  BY  140#  HAMMER  FALLING  30" 

U  AND  TW  DRIVEN  BY  275#  SLIPJARS  FALLING  30" 

2.  ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED  ON 
OFF  I CAL  CITY  GRADE 


BORING  12 

DRILLED  12/28/77-1/3/78 


ELEVATION  +141 .5' 


■Mi 


\  SANDY  RIDING  TRAIL 


SC 


BROWN  TO  YELLOW  FINE  SAND  (LOOSE  TO  MEDIUM 
DENSE) (DUNE  SAND) 


(GRADING  TO  VERY  DENSE ) 


■ (WATER  LEVEL  2/15/78  ) 
-(WATER  LEVEL  6/9/78) 


BROWN  CLAVE  FINE  SAND  (DENSE) 
(COLMA  FORMAT  ION) 


DARK  BROWN  TO  YELLOW-BROWN  FINE  SAND 
(DENSE  TO  VERY  DENSE ) 

(GRADING  TO  VERY  DENSE.  WITH  I  RON  OXIDE 


GRAY  SILTY  FINE  SAND  WITH  OCCASIONAL  THIN  LENSE 
OF  BLACK  SILTY  CLAY  (VERY  DENSE) 


LOG  OF  BORING 


PLATE  A-IL 


+360 


+330 


+60 


+40 


ATTERBERG 
LIMITS 


SHEAR  STRENGTH 
TEST  RESULTS 


LABORATORY 


Ocn 

2Q. 


Sx 
coo 

<ir 
a.(/> 


FIELD 


T 


TW 
SPT 


5W 


So 


I- 


100 
5" 


BORING  13 

DRILLED  1/3-17/78 


ELEVATION  +359.5' 


S 


5 


I 

,8 

11 

NX 

90 

9 
10 

9 
15 
26 
1  1 
12 

If 

13 

NX 
NX 

100 
96 

12 
12 
13 

16 
11 
12 
10 
12 
10 

NX 
NX 

98 
100 

11 
15 
13 
12 

11 

12 
17 

NX 
NX 

98 
100 

8 
10 

IS 

12 
9 
11 
13 
13 
13 

NX 
NX 

NX_ 

98 
97 

86 

13 
17 
28 
15 
16 
15 

If 

13 

NX 

100 

—  14  - 

\l 
11 

13 
25 
15 

NX 

100 

\3"  OF  ASPHALT,   3"  OF  CRUSHED  ROCK  FILL 
BROWN  FINE  SAND  (MEDIUM  DENSE)  (DUNE  SAND) 


(GRADING  DENSE) 


(GRADING  VERY  DENSE ) 
. (UPPER  WATER  LEVEL  2/15/78) 


8R0WN  CLAYEY  SAND  WITH  SANDSTONE  FRAGMENTS 
(VERY  DENSE)  (COLLUVIUM) 


DARK  BROWN  TO  YELL0W-8ROWN  SANDSTONE,  HIGHLY 
WEATHERED  AND  FRACTURED,  WITH  SOME  STIFF 
YELLOW  CLAY 

(BECOMING  LESS  WEATHERED,  GRAY,   FRIABLE,  HARD ) 


GRAY  SANDSTONE,  FRIABLE 


BLACK  SHALE,  SHEAR  ZONE,  HIGH 
SUSCEPTIBILITY  TO  SLAKING 


GRAY  GRAYWACKE  THICK  BEDDED,  FRESH,  STRONG 
(FAULT,   BLACK  CLAY) 

(OCCASIONAL  SLICKENSIDED  SHALE  LAMINATION) 


(SHEAR  ZONE) 


(SHEAR  ZONE) 


SAMPLING  RESISTANCE: 

SPT  DRIVEN  BY  140#  HAMMER  FALLING  30" 

U  AND  TW  DRIVEN  BY  320//  SLIPJARS  FALLING  14" 
ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED  ON 

PARK  DEPARTMENT  RECORDS. 
SEE  FOLLOWING  GEOLOGIC  LOGS  FOR  A  MORE  DETAILED 

DESCRIPTION  OF  THE  BEDROCK. 


LOG  OF  BORING 


PLATE  A-IM 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 


CLIENT: 
PROJECT: 

DRILLING  MFTHnn  ■•  ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


BORING  NO. 


13 


RICHMOND  TRANSPORT  SEWER 


LOCATION 


PALACE  OF  LEGION  OF  HONOR 


ELEV. 


360 


ANGLE  FROM 
HORIZONTAL  . 

FAGE  !  


90° 


OF 


ROCK 
TYPE 


OS 

o 

UjUJ 


5 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


REMARKS 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC  ) 


SERPENTINE 


LIGHT  GREEN ,  MEDIUM  TO  COARSE 
GRAINED,   OCCASIONAL  VEINLET 

t  CP=17,400  PSI  -  D 

 CP=10,600  PSI  -  A 


UNSHEARED 
SERPENTINE 
ALTERED  ULTRA 
MAFIC  ROCK 

HIGHLY  SHEARED 
VERY  HIGH 
SUSCEPTIBILTY 
TO  SLAKING 


79 


BECOMING  MASS IVE 


-184- 


SERPENTINE 


CP=800  PSI  -  D 


DARK  GRAY  TO  BLACK 
CP=300  PSI  -  A 


CP=800  PSI 


20  5  OS 


152- 


20'   ROCK  DRILLING 
CUTTINGS  SHOW 
SERPENTINE 


IOC 


HIGHLY 

BRECC IATED  WITH 
CLASTS  UP  TO  AN 
INCH. 

HIGH 

SUSCEPTIBILTY 
TO  SLAKING 


SHALE  AND 
SERPENTINE 


— t 


RUN  =2 
DP  =  0 


ROCK  IS  COHESIVE 
ENOUGH  TO  REMAIN 
INTACT  AS  EXTRUDEO 
FROM  CORE  BARREL 


21'   ROCK  DRILLING 
CUTTINGS  SHOW 
SERPENTINE  AND  SHALE 
(DRILLING  RATE  10  M I N 
/FT. ,  DP  =  1 0OPS  I 


FR 

sw 

MW- 
HW- 
XW- 


!J 


I  L  VW 

L-  w 

 MS 

—  s 

—  vs 


LOG  OF  BORING 


DAMES  O  MOORE 


PLATE  A-IM/I 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


CLIENT: 
PROJECT: 

DRILLING  MFTHnn  :  ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


BORING  NO. 


13 


LOCATION 


PALACE  OF  LEGION  OF  HONOR 


ELEV. 


360 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  ?  


90° 


OF 


ROCK 
TYPE 


OS 
xm 

<rUJ 


xQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


?0 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


75  50  25 
I   I  I 


I  i  I  i 


REMARKS 


SHALE  AND 
SERPENT INE 


GRAYWACKE 


FR 
SW — I 
MW- 
HW- 
XW 


GRAY  FINE  TO  MEDIUM  GRAINED, 
OCCASIONAL  CALCITE  VEINLET, 
BEDDING  MASSIVE  TO  THINLY 
LAMINATED 

CP=8,500  PSI  -  D 
CP=16,900  PSI  -  D 


SHALE  LAMINATIONS  WITH 
45°  DIP 


CP-4,400  PSI  -  D 


DEFORMED  SHALE  LAMINATIONS 


CP=11,700  PSI  -  D 


GRAYWACKE  BECOMING 
BRECC IATED 


232 


234 


125  — 


123 


238 


240 


242== 


w 

MS 

S 

vs 


-244E 


OVERNIGHT  40 1 
CAVE- I N 


THIN  SHEARED 
SHALE  BED 
(MODERATE 

SUSCEPTIBILITY 

TO  SLAKING 


SOME  MECHANICAL 
BREAKAGE 


NUMEROUS 
MODERATELY 
HEALED 
FRACTURES 


SOME  MECHANICAL 
BREAKAGE 


SLICKENS IDED 
SHALE  ON 
FRACTURES 


FRACTURES  ALONG 
SLICKENS IDED 
SHALE 

LAM  I  NAT  IONS 


21 1   ROCK  DRILLING 
CUTTINGS  SHOW 
SERPENTINE  AND  SHALE 
(DRILLING  RATE   10  M I N 
/FT.)  DP  =  100  PSI 


RUN  #3 

PLACED  230'   CAS ING  TO 
PREVENT  CAVING 
DP  =  150  PSI 


RUN  #4 


RUN  #5 


DP-0  PSI 


zs 


LOG  OF  BORING 


PLATE  A-IM/2 


CLIENT: 

PROJECT: 

DRILLING 

LOCATION 


CITY  8  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 

RICHMOND  TRANSPORT  SEWER  

METHOD  :  ROTARY  WASH  (NX- CORING)  WITH  REVERT  SLURRY 
 PALACE  OF  LEGION  OF  HONOR  ELEV. 


BORING  NO. 


13 


360 


ANGLE  FROM 
HORIZONTAL  - 

FAGE  3  


90° 


OF 


ROCK 
TYPE 


GRAYWACKE 


OS 

o 

x 

few 

UjLU 

SJ2 


xQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


BRECC I ATED  GRAYWACKE  WITH 
SLICKENS IDED  SHALE 


CP=18,700  PSI 


115 


CP=3,200  PSI 
CP=2,900  PSI 


CP=1,500  PSI  -  D 


113 


SHEAR  ZONE 


NO  SHALE  BELOW  FAULT 


248 


-1H 


109  —  — i 


107 


105 


255 


-A- 


100 


78 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC.)  


SLICKENS IDED 
SHALE  ALONG 
FRACTURE 


MODERATE 
SUSCEPTIBILITY 
TO  SLAKING 


FAULT  ZONE 


SLIGHTLY  HEALED 
FRACTURES 


SOME  MECHANICAL 
BREAKAGE,  HIGH 
SUSCEPTIBILITY 
TO  SLAKING 


a-9 


<r5 

o « — 


GRAYWACKE  WITH 
SHALE   I NTERBEDS 


FR 

sw 

MW 

HW- 
XW 


!J 


L  vw 
w 

MS 

s 
vs 


LOG  OF  BORING 


2  6 


27 


20 


SI- 


REMARKS 


RUN  ---'S  (CONT. ) 


RUN  #6 
DP  =  0 


DP  =75  PS  I 


RUN  #7 
DP  =  0 


170  PSI 


LOST  CORE 


CORE  BLOCKED 


ABANDONED  BORING 
1/17/78 

RESUMED  DRILLING 
3/31/78 

DRILLED  20.2- 
GRAYWACKE 

IN  CUTTINGS,  GRADING 
WITH  SHALE  I NTERBEDS 
5  ELEVATION  88 


DAMES  0  MOORE 


PLATE  A-IM/3 


CLIENT: 

PROJECT: 

DRILLING 

LOCATION 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 

RICHMOND  TRANSPORT  SEWER  

METHOD  :  ROTARY  WASH  (NX  CORING)  WITH  REVERT  SLURRY 


BORING  NO. 


13 


ANGLE  FROM 
HORIZONTAL  . 


90° 


PALACE  OF  LEGION  OF  HONOR 


ELEV. 


360 


PAGE. 


OF 


ROCK 
TYPE 


GRAYWACKE 
WITH  SHALE 
I NTERBEDS 


GRAYWACKE 


o 

CO 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE , TEXTURE , 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


GRAY  FINE  GRAINED  BRECC I ATED , 
FRACTURES  HEALED,  CALCITE 
*  VE INLETS  — 


THICK  BEDDED 


LAMINATIONS  OF  SL I CKENS I DED 
SHALE 


278 


280 


282  =sH 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


t/) 
LU 

CC  , 

oo-o 

or 
u. 

I   4  16  64 


VERY  ROUGH 
FRACTURES 


SLICKENS IDED 
SHALE  ON 
FRACTURE 
MODERATE 
SUSCEPTIBILITY 
TO  SLAKING 

NUMEROUS  HEALED 
FRACTURES 


SLICKENS IDED 
SHALE  ON 
FRACTURES 


I 

■ 


< 


31 


FR-T 
SW — 1 
MW- 
HW 
XW 


BLACK,  THINLY  LAMINATED 
JUST  ABOVE  SHEARED  ZONE 


GRAY  FINE  GRAINED,  THICK 
BEDDED,  CALC ITE  VE INLETS 


CP=8,800  PSI  -  D 


302 


SL ICKENS IDED 
CHLORITE  ALONG 
FRACTURES 


SHEAR  ZONE  HIGH 
SUSCEPTIBILITY 
TO  SLAKING 


SLICKENS IDED 
CHLORITE  ON 
FRACTURES 


REMARKS 


RUN  #8 

DP  =  80  PS  I 


BLOCKED 


DRILLED 

RUN  #9 


RUN  #10 

DP  =  60  PS  I 


12.5'   ROCK  DRILLING 
CUTTINGS  SHOW 
GRAYWACKE  AND  CALCITE 
DP  =  60-1 10  PS  I 


RUN  #11 
DP  -  0 


ASSUME  CORE  LOSS  IN 
SHEARED  SHALE 


RUN  =12 


VW 

W 

MS 

S 

vs 


LOG  OF  BORING 


DAMES  0  MOORI 


PLATE  A-IM/4 


CLIENT  =     CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03)  

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  MFTHon   ROTARY  WASH  (NX  CORING)  WITH  REVERT  SLURRY  

LOCATION   PALACE  OF  LEGION  OF  HONOR  ELEV  360 


BORING  NO.. 


13 


ANGLE  FROM 
HORIZONTAL   2°. 


PAGE. 


OF 


ROCK 
TYPE 


GRAYWACKE 


CLAY 


GRAYWACKE 
WITH  SHALE 
I NTERBEDS 


FR  • 
SW- 
MW- 
HW- 
XW- 


OS 


iQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE  .TEXTURE , 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


BLACK,   FAULT  GOUGE 


GRAY,  MEDIUM  GRAINED,  THICK 
BEDDED,   OCCASIONAL  CALC ITE 
VEINLET. 


CP=7,300  PSI  -  D 
CP=6,600  PSI  -  A 


BRECC  IATED  WITH  SL  I CKENS  I  DED 
SHALE  LAMINATIONS  30°  DIP 


SL ICKENS IDED  SHALE  LAMINATIONS 
20°  DIP 


MEDIUM  GRAINED,  THICK  BEDDED 


S L I CKENS I DED  SHALE  LAMINATIONS 


_COARSE  GRAINED 
 CP-7,300  PSI  -  D 


5  i 

UJ  Q_ 
_l  LU 
UJ  O 
57  


304 


308 


310 


47  ■ 


o 
o 


45 


43  ■ 


318 


96 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING.  ETC.)  


CLAY  LINING  ON 
FRACTURE 

NUMEROUS  HEALED 

FRACTURES 

HIGH 

SUSCEPTIBILITY 
TO  SLAKING 


HIGHLY  SHEARED 
SLICKENS IDED 
LOW 

SUSCEPTIBILITY 
•  TO  SLAKING 


SOME  MECHANICAL 
BREAKAGE 


SLICKENS IDED 
SHALE  ON 
FRACTURES 


HEALED  FRACTURES 


SLICKENS IDED 
SHALE 


SLICKENS  IDED 
SHALE 


SLICKENS IDED 
SHALE 


HEALED  FRACTURES 


SLICKENS IDED 
SHALE 


IT 

3  tr 


O-P 


vw 
w 

MS 

S 

vs 


LOG  OF  BORING 


< 

«  w 
OUJ 
Zt- 

31 

0:2 


REMARKS 


RUN  -7  12  (CONT. 


RUN  *13 


SHALE  CUTTINGS 
IN  WATER 


PLATE  A-IM/5 


♦ 


CLIENT:     CITY  a  COUNTY  OF  SAN  FRANCISCO  (D&M  JOB  185-131 
RICHMOND  TRANSPORT  SEWER 


-03) 


BORING  NO. 


PROJECT: 


ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


DRILLING  METHOD : 
LOCATION       PALACE  OF  LEGION  OF  HONOR 


ELEV. 


360 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  §  


90° 


OF 


ROCK 
TYPE 


OS 


xQ 


GRAYWACKE 


SW— 1 

MW 

HW 

xw 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE  .TEXTURE  , 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


GRAYWACKE  SHEARED  TO  SAND 


SL I CKENS I DED  SHALE   I NTERBED 


CP=12,500  PSI  -  D 
CP=8,400  PSI  -  A 


CP=6,600  PSI  -  D 


GRAYWACKE  SHEARED  TO  SAND 


I  Q 
-319 


40 


It 


vw 
w 

MS 

S 

vs 


335 


1(3 


tree 
u_o 


98 


100 


97 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC.)  


SOME  MECHANICAL 
BREAKAGE 


CALCITE  AND  PYRITE 
LINING  FRACTURES 


SHEAR  ZONE  HIGH 
SUSCEPTIBILITY 
TO  SLAKING 


SLICKENSEDED  SHALE 
ON  FRACTURE 
SURFACES 


SOME  MECHANICAL 
BREAKAGE 


SLICKENS IDED 
CHLORITE 


CLAY  COATING  ON 
FRACTURE 


SLIGHTLY  HEALED 
VERTICAL  FRACTURE 


CLAY  LINED  SEAM 


SHEAR  ZONE  HIGH 
SUSCEPTIBILITY 
TO  SLAKING 


HEALED  PORTION  OF 
SHEAR  ZONE 


755025  I   4  1664 


10 


REMARKS 


RUN  #15  (CONT. ) 


RUN  #16 


RUN  #17 


SHALE  CUTTINGS  IN 
WATER 


1 '  CORE  LOSS 
RECOVERED  ON  NEXT  RUN 
BLOCKAGE 


RUN  #18 


BLOCKAGE 

(RECOVERED  FOOT  OF 
_CORE  ON  PREVIOUS 
RUN) 


RUN  #19 


LOG  OF  BORING 


DAM  ES  B  MOOR  I 


PLATE  A-IM/6 


CLIENT  =     CITY  a  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


BORING  NO. 


13 


DRILLING  METHOD:. 
LOCATION         PALACE  OF  LEGION  OF  HONOR 


ELEV. 


360 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  1  


90° 


OF 


ROCK 
TYPE 


GRAYWACKE 


SHALE  ? 


GRAYWACKE 


o 

*S2| 


5 

IQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION, ETC.) 


FR 

sw — 1 

MW 

MW- 

xw 


CP=7,300  PS I 
CP=4,200  PSI 


CP=6,100  PSI 


CP=3,800  PSI  -  D 


CP=5,400  PSI 
CP=1,900  PSI 


LOSS  COULD  HAVE  BEEN  IN 
1   FOOT  SHALEY  UNIT 

CP-7,700  PSI  -  D 


GRAY,   FINE  GRAINED  WITH 
.SLiCKENS  IDED  SHALE 
LAMINATIONS  THICK  BEDDED 
SHALE  LAMINATIONS 
GRADING  OUT. 


CP=I0,700  PSI  -  D 
CP-13,800  PSI  -  D 


CP=10,700  PSI  -  D 
CP=8,200  PSI  -  D 


BEDDING  30°  DIP  SHALE 
LAMINATION 


VW 
w 

MS 

S 

VS 


337 


<_i  f-5 


Id  i. 


343 


347 


97 


86 


100 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC. )  


SOME  CLAY,  CALC ITE 
AND  PYR ITE  COATING 


SLICKENS  IDED 
CHLORITE 
C LASTS 


(SHEAR  ZONE) 
MECHANICAL 
FRACTURES  AND 
SLICKENS IDED 
SHALE 


ROUGH 


SL I CKENS I DED 
CHLORITE  CLASTS 


CLAY  COAT ING 


SOME  MECHANICAL 
BREAKAGE 


LOG  OF  BORING 


< 

OLl) 

132 


25 


15 


REMARKS 


RUN  #19  (CONT. ; 


RUN  #20 


SHALE  CUTTINGS  IN 
WATER 


RUN  #21 


DAME  8  B  MOO  ft  I 


PLATE  A-IM/7 


CLIENT: 
PROJECT: 
DRILLING  METHOD 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (D&M  JOB  185-131-03) 


BORING  NO. 


13 


RICHMOND  TRANSPORT  SEWER 


ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


LOCATION       PALACE  OF  LEGION  OF  HONOR 


ELEV. 


360 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  §  


90° 


OF 


ROCK 
TYPE 


GRAYWACKE 


OS 

o 


IQ 


£<2 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


SOME  SHALE  LAMINATIONS 
AND  CALCITE  VE INLETS 


CP=7,700  PSI 


CP=3,700  PSI  -  A 


355 


357 


-< 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC. )  


SLICKENS IDED 
CHLORITE  ON 
FRACTURES 


SLICKENS IDED 
SHALE  ON 
FRACTURES 


SOME  MECHANICAL 
BREAKAGE  


< 

10 
Old 
Zh 

31 


75  50  25  I    4  16  64 


25 


REMARKS 


RUN  #22  (CONT. 


SHALE  CUTTINGS 
IN  WATER 


SLOW  DRILLING 


TERMINATED  BORING  AT 
360.2'  DEPTH. 
ELEVATION  0. 


FR 
SW — 1 
MW 

HW- 

xw 


L  VW 

w 

MS 

s 

vs 


LOG  OF  BORING 


PLATE  A-IM/8 


+  120 


+  100 


+70 


+60 


,_  +50 


+40 


So 
i-5 


PERM 
SA 
[11%) 


110. 


1  1  1 


109. 


1  1  1 


-134-125- 
1  1 


16 


18--115- 


119 

108. 
114 

109 


110 
107 


105 
109 


ATTERBERG 
LIMITS 


DS/CD 


SHEAR  STRENGTH 
TEST  RESULTS 


LABORATORY 


DS/CD 


DS/CD 


o  ui  ui  x 

jir  xH 
<=> 

5  in  s£iu 

gui  <tc 

o  q:  uii- 


4500 


5160. 


5780 


FIELD 


96 

u 

75 

TO' 

SPT" 

-67- 

71/6' 

U 

83 

50/61 

SPT 

67 

57/91 

_u_ 

SPT 


U 

SPT 


_U_ 
SPT 


U 
SPT 


U  _ 
SPT 


U 
SPT 


U 
SPT 


U 
SPT 


U 

SPT- 


NR 


.  72 


79 


.84  


75 
100 


78 
100 


u 

75 

59 

SPT 

78 

50/3' 

u 

89 

50/3' 

SPT- 

50/3' 

UI  ui 
u  cc 


a.  =s 


80 


.  63 
50/6" 


86 
74 
94 
TT" 
94/9 


=-75_ 
50/3 

50/5" 
50/6" 

98 
_  11" 
50/3 


_  76 
50/6" 

50/5 
100 
5" 


BORING  14 

DRILLED  1/3-6/78 


ELEVATION  +1 1 1 .5' 


2"  OF  ASPHALT,    10"  OF  CONCFETE 


BROWN  FINE  SAND  (MEDIUM  DENSE) 
(DUNE  SAND) 


(GRADING  VERY  DENSE) 
-(WATER  LEVEL  2/15/78,  8/22/78) 


DARK  BROWN  S I LTY  FINE  SAND  (DENSE  TO  VERY  DENSE) 
(COLMA  FORMATION)  


YELLOW-BROWN  FINE  SAND  WITH  TRACE  OF  SILT 
(VERY  DENSE) 


(GRADING  REDDISH-BROWN,  SLIGHTLY  SILTY) 


(GRADING  BROWN  TO  YELLOW-8R0WN  WITHOUT  SILT. 
(SOME  ROCK  FRAGMENTS  UP  TO  QUARTER  INCH) 

(GRADING  WITH  TRACE  OF  SILT) 


dames  e  Moom 


PLATE  A- IN 


| 

s 

i 

i 
i 

AT7ER8ERG 
LIMITS 

SHEAR  strength 

TEST  RESULTS 

i 

3 

5 

I-1 
;i 
5, 

I 

a 
;  i 

ii 

LABORATORY 

b 

I 

t 
□ 

I 

p 

11 

1 

S 

1 
£ 



DS/CD 

4500 

35SO 

ns/co 

6SOO 

S  1  60 

75 

"  ID 

,„ 

* 

"  67- 

■71  'fe 
■ 

!i" 

16 

,;. 

SPT 

„ 

... 

SPT 

I" 

iJI- 

i  if! 

iO/6' 
,"' 

)0/3 

22 

■ 

in, 

* 

% 
8 

1  IT 

„. 

22 

1  OS 

Jj, 

(coli-w  format  i on j_ 


LOG  OF  BORING 


H30 


+80 


+70 


+60 


+20 


OTHER  TESTS  & 
INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATE  (MIN./FT.) 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (%) 

SAMPLING  RESISTANCE 
(BLOWS/FT)or(HYD.PRESS.,PSI) 

LABORATORY 

FIELD 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

NORMAL  OR  CONFINING 
PRESSURE  (PSF) 

PEAK  SHEAR 
STRENGTH  (PSF) 

TORVANE  (PSF) 

PENETROMETER (PSF) 

1  6 

1  09 

U 

_75_ 
75 

_  15_ 
38 

13_ 

101 

U 

22  . 

105 

TW 

_100_ 

17 

-  1  00  ■ 

100 

_17_ 

86/61 
-  1  00  ■ 
6" 

70 

TW 

1 7 

u 

U 

U 

80 

6" 
50 

411- 

u 

83 

100 

6" 

u 
u 

67 
89 

50 
3" 

50 
-  3"- 

u 
u 

86 
67 

80 

1  " 

50 

NX 

77 

-  6"- 

NX 

3 

BORING 

DRILLED  1/6- 


15 

12/78 


ELEVATION  +142' 


\2"  OF  ASPHALT ,  6"  OF  CONCRETE 


8R0WN  FINE  SAND  (MEDIUM  DENSE 1 
(DUNE  SAND) 


(GRADING  TO  DENSE ) 


YELLOW-BROWN  SILTY  CLAY  WITH  TRACE  OF  FINE 
SAND  (VERY  ST  I FF) (COLLUV IUM 


(GRADING  SANDIER  WITH  SANDSTONE  FRAGMENTS) 


BEDROCK,  WEATHERED  SANDSTONE  WITH  WHITE 
CALCITE  AND  SILICA  VEINLETS 


DARK  GRAY  SHALE,  WEATHERED  WITH  NUMEROUS  IRON 
STAINED  FRACTURES 


-(WATER  LEVEL  2/15/75.  8/22/78) 


GRAY  SANDSTONE 


8 LACK  SHALE 


LIGHT  GRAY  SANDSTONE   (VERY  HARD) 


BLACK  SHALE  WITH  OCCASIONAL  THIN  LAYERS  OF 
LIGHT  GRAY  SANDSTONE 


8LACK  SHALE  WITH  LIGHT  GRAY  S I LTSTONE 
INTERBEDS,  SHEARED,  WITH  CONTORTED  BEDDING 


BRECC IATED  SHALE  WITH  S I LTSTONE  INCLUSIONS 


LOG  OF  BORING 


DAMES  e  MOORE 


PLATE  A- 10 


LOG  OF  BORING 


PLATE  A- 10 


CLIENT: 
PROJECT: 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


BORING  NO. 


15 


DRILLING  METHOD 


ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


LOCATION 


SUTRO  HEIGHTS  NEAR  48th.  AVE. 


ELEV. 


142 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  !  


90° 


OF 


ROCK 
TYPE 


SHALE  AND 
S I LTSTONE 


OS 

_o 
cr 

m 

'<> 


5 

IQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION,  ETC.) 

LAMINATED  DARK  GRAY  SHALE 
AND  LIGHT  GRAY  S  I  LTSTONE 
WITH  CALC ITE  VE INLETS, 
LAMINATIONS  GENERALLY 
CONTORTED 


LIGHT  GRAY  S I LTSTONE  INTERBED 


SI LTSTONE  INTERBED 
CP-19,100  PSI  -  D 


SILTSTONE  INTERBED  WITH 
■SHALE  INCLUSION 


CP=14,300  PSI 
CP=14,300  PSI 


BRECC I ATED  SILTSTONE  AND 
SHALE 


CUTTINGS  SHOW  CHIEFLY  DARK 
GRAY  SHALE 


118-1 


il 


120-1 


126-1 


15 


13- 


1301 


FR^T 

sw— i 

MW  

HW  

XW  


I  L  vw 
I—  w 

 MS 

—  s 

—  vs 


77 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


CONTORTED 
BEDD ING 


FAULT  PLANE 


SHALE  HAS  HIGH 
SUSCEPTIBILITY 
•TO  SLAKING 


COULD  BE 
. BEDDING 


to 

UJ 

<z  l_ 

OQ-O 
< 

or 
u. 

I    4  16  64 


< 

OtiJ 
JZ 


SHEAR  ZONE 


REMARKS 


LOST  CORE  PROBABLY 
SHALE 


PEBBLE  STUCK  IN 
CORE  BARREL 


RUN  f-2 


CHIEFLY  DARK  GRAY 
SHALE 


DRILLED  TO  132' 
WITH  TR I  CONE 


LOG  OF  BORING 


PLATE   A-l  0/1 


PLATE  A-IO/2 


CLIENT: 
PROJECT: 
DRILLING  METHOD 

LOCATION 


CITY  8  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 


BORING  NO.. 


15 


RICHMOND  TRANSPORT  SEWER 


ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


SUTRO  HEIGHTS  NEAR  48th.  AVE. 


ELEV.  '42 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  5  


90° 


OF 


ROCK 
TYPE 


OS 
o 
tr.-J 

X 


SHALE 


SANDSTONE 


FR 

sw 

MW 

HW' 
XW 


'■CD 


5 

xq 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE  .TEXTURE  , 
MINERALOGY,  BEDDING /FOLIATION,  ETC.? 


WITH  SILTSTONE  LAMINATIONS, 
BEDDING  50°  DIP 

CP=3,300  PSI  -  D 

CONTORTED 
■  SILTSTONE  AND  SHALE 
LAMINATIONS 

. CP=4,400  PSI  -  D 

,  CP=1,400  PSI  -  A 


BEDDING  45°  DIP 
SILTSTONE   I NTERBED 


LIGHT  GRAY  FINE  GRAINED, 
SILTSTONE  AND  SHALE 
LAMINATIONS   (VERY  HARD) 
THICK  BEDDED 


CP=23,500  PSI 
CP=20,6O0  PSI 
CP=19,800  PSI 
CP=14,300  PSI 


CP=24,200  PSI  -  D 
-T       CP=25,000  PSI  -  D 
T  SHALE  PARTING 
 I          CP=21,600  PSI  -  D 


CP=17,600  PSI 
CP=14,000  PSI 


DARK  GRAY  SHALE  WITH  LIGHT 
GRAY  S  ILTSTONE  INCLUSIONS 


VW 
W 

•  MS 

•  S 

•  vs 


150 


-17- 


162 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATI NG,  ETC.)  


LU 

CO 

~3 


75  50  25  I    4  16  64 


HIGHLY  SHEARED  AND| 
BRECC IATED 


HIGH  SUSCEPTIBILTY | 
TO  SLAKING 


HIGH  SUSCEPTIBILTY 
TO  SLAKING 


BRECC IATED 
SHEAR  ZONE 


LOG  OF  BORING 


RUN  £6 
-  CARBIDE  BIT 


REMARKS 


RUN  #4  (CONT. ) 


RUN  #5 

CORING  RATE  5FT./MIN. 


LOST  CORE 
PROBABLY  STILL 
_IN  SHEAR 
ZONE 


ASSUME 

CORE  IS  FROM  NEAR 
BOTTOM  RUN 


RUN  #7 

6"  IS  MIN. 

TO  HARD  FOR  CARBIDE 

BIT 


DIAMOND  BIT 


PLATE  A-IO/3 


CLIENT: 
PROJECT: 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


BORING  NO. 


15 


DRILLING  METHOD -\ 


ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


LOCATION 


SUTRO  HEIGHTS  NEAR  48th.  AVE. 


ELEV. 


142 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  *  


90° 


OF 


ROCK 
TYPE 


SHALE 


O 
CD 


LULU 


IQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR,  GRAIN  SIZE  .TEXTURE , 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


DARK  GRAY  SHALE  WITH  LIGHT 
GRAY  S ILTSTONE  INCLUSIONS 


164* 


> 
t-° 


62 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC.)   


75  5025  I    4  16  64 


UJ 

5 

(/) 

ZK 

_  Z> 

Q  - — 


BRECC I ATED 
SHALE  AND 
S ILTSTONE 
SHEAR  ZONE 

HIGH  SUSCEPTIBILTY 
TO  SLAKING 


HIGH  SUSCEPTIBILTY  [ 
TO  SLAKING 


REMARKS 


DIAMOND  BIT 


RUN  #8 


ASSUME  CORE  LOSS 
WAS  AT  BOTTOM 


SHALE  MAY  BE  WASHING 
OUT 


END  OF  80RING  AT 
ELEV.  -26.4' 


FR 
SW 
MW 

HW- 
XW 


vw 

MS 

s 

vs 


LOG  OF  BORING 


PLATE  AH  0/4 


u>2 


+  190 


+  170 


+  160 


+  1  30 


+  1  20 


-60 


-70 


101- 


ATTERBERG 
LIMITS 


SHEAR  STRENGTH 
TEST  RESULTS 


LABORATORY 


(/,  ID 

UJt- 
Q.  </) 


FIELD 


NOTES : 


75" 


82- 


in 
2  Q. 


£  5 
29 


16 


50/5 


50/4 


BORING  16 

DRILLED  1/13-19/78 


ELEVATION  +191 ' 


I 


2"  OF  ASPHALT  flVEft  6"  COHCPETf. 
BROWN  FINE  SAND   (MEDIUM  DENSE) 
( DUNE  SAND  1 


(GRADING  TO  DENSE) 


(GRADING  TO  VERY  DENSE) 


BROWN  CLAYEY  FINE  SAND  (MEDIUM  DEHSD 
(COLMA  FORMATION) 


BROWN  SILTY  FINE  SAMP   (MEDIUM  DENSE; 


(GRADING  WITH  ROCK  FRAGMENTS ) 


WEATHERED  SERPENTINE  ROC k  (HARD) 


SAMPLING  RESISTANCE: 
SPT  DRIVEN  BY  140#  HAMMER  FALLING  30" 
U  AND  TW  DRIVEN  BY  27S#  SLIPJARS  FALLING  30" 

ELEVATIONS  REFER  TO  S.F  DATUM  AND  ARE  BASED  ON 
OFFICIAL  CITY  GRADE. 


LOG  OF  BORING 


PLATE  A- IP 


5S3 


H 
M 

I 

If 
if 


5  ■  

• 

5  j  1 

-  * 

i  4  

h 

 1 

> 

— 

N— 

 =H  

'     [  [ 

f  I  f 

 1  1  

hi— 

■ — i — 

i 

!  2 

\  i  i 

s 

i  1 

!  i 

;  , 

:  E  i  : 

— 1— 

i 

•    B,  ■ 

a 

!  S 

Z"  Sj 

I 

8 
s 

TTPE  OF  TEST  | 

I 
= 

i 

— -   5  ii 

— -  iW 

PENETROMETER  (PSF)  5 

CORING  RATE  [MIN./FT.J 

S« 

3=  3 
:a  s 

-3=  5=    ^    ^   41"            3W  4^  h 
]         SS   E5S         85!                     35  SS 

 A  1  ] 

a        a  | 

 f  1 

r 

 4 

 3  4  A  4 

a       a       a  , 

■nmnma 

i    l    *    i    s    ?    i  i 

1                 1               1        ^3-^  1  1 

=       s       s       «  i 
I       1       1       1  1 

0 
Q 

0 

T| 

CD 
0 

2 

n 


I  ! 


I  i 


1  I 


i  !  i 


I  I 


'  hi 


!  i 


I 


+  270 


+  240 


+  230 


+  200 


+  180 


+  1  70 


OTHER  TESTS  a 
INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATE  (MIN./FT.) 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (%) 

SAMPLING  RESISTANCE 
(BLOWS /FT)  or  (H  YD.  PRESS. ,PSI) 

LABORATORY 

FIELD 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

|    NORMAL  OR  CONFINING 
|    PRESSURE  (PSF) 

PEAK  SHEAR 
STRENGTH (PSF) 

TORVANE  (PSF) 

PENETROMETER  (PSF) 

GRAB- 

U 
TW 

N  .  Ar- 

100 
1  00 

D  .  A  . — 

3  5 
42/6' 

-PT  - 

-80  " 

7 
5 

10 
18 
30 

NX 

42 

23 

PT 

100 

22 

-  PT- 

75 

BORING  17 

DRILLED  1/6-13/78 


ELEVATION  +281 . 5 1 


3"  AS  ASPHALT  CH  TOP  OF  5"  CONCRETE  

YELLOWISH  BROWN  SlLTV  CLAV  WITH  TRACE  D"F  VERY 

FINE  SAND  AND  ROCK  FRAGMENTS  (COLLUVIUM) 
•(ESTIMATED  WATER  LEVEL  2/1S/78) 


YELLOWISH  BROWN  SHALE,  COMPLETELY  WEATHERED 
TO  A  VERY  SLIGHTLY  SANDY  SILTY  CLAY 

_  (GRADING  LESS  WEATHERED.  HARD)  

^CHERT,  WITH  CALCITE  VEINS,  FRACTURED 


BLACK  SHALE,  HIGHLY  SHEARED  WITH  HARD 
FRAGMENTS,  HIGH  SUSCEPTIBILITY  TO  SLAKING 
(SHALE  MELANGE ) 


(GRAYWACKE   INCLUSION,   BRECC IATED) 


(GRAYWACKE  AND  SERPENTINE  INCLUSIONS. 
BRECC IATED) 


(GRAYWACKE,  SERPENTINE,  AND  SHALE 
INCLUSIONS,   BRECC IATED) 


(GRAYWACKE  INCLUSION) 


(GRAYWACKE  AND  SERPENTINE  INCLUSIONS.  HARD 
SHEARED  SHALE  MATRIX  BECOMING  MORE  SANDY ) 


LOG  OF  BORING 


PLATE  A-IQ 


LOG  OF  BORING 


DAM  KB  fl  MOOHI 


PLATE  A-IQ 


+190 


+1  70 


+160 


+150 


+140 


+130 


+  110 


+  100 


+  90 


OTHER  TESTS  a 
INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

ATTtRBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATE  (MIN./FT.) 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (%) 

SAMPLING  RESISTANCE 
(BLOWS/FT)or(HYD.  PRESS. ,PSH 

LABORATORY 

FIELD 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

NORMAL  OR  CONFINING 
PRESSURE  (PSF) 

PEAK  SHEAR 
STRENGTH (PSF) 

TORVANE  (PSF) 

PENETROMETER  (PSF) 

5 

-  104 

11 

-  67_ 
75 

—  14- 
1  7 

15 

104 

U 

U 

-75  - 
_  75_ 
75 

— 18- 
_  52. 
44 

-19- 

-111- 

u 

24 

100 

jj 

..  u 

_  75  

92 

—  71  _ 

50 

—  6W- 

23 

107 

u 

I] 

75 

68 

-  23— 

106 

..  u 

_  75_ 

_90- 

u 

70 

50 
-  5""- 

24  - 

..  103 

u 

_91_ 

50 

BORING  18 

DRILLED  1/20-24/78) 


ELEVATION  +192' 


sp   -\  6"  OF  CONCRETE  PAVEMENT 


SP 


BROWN  FINE  SAND  (MEDIUM  DENSE) 
(DUNE  SAND) 


DARK  BROWN  SLIGHTLY  SILTY  FINE  S AMD  (MEDIUM 
DENSE)  (COLMA  FORMATION) 


(GRADING  SILTIER  WITH  TRACE  OF  CLAY  AND 
SOME   IRON  OXIDE  STAINING,  MEDIUM  DENSE) 


DARK  REDDISH  BROWN  SLIGHTLY  SILTY  FINE  SAN" 
(DEHSE) 


-(WATER  LEVEL  8/22/78) 


-(WATER  LEVEL ,  2/15/78) 
(GRADING  BROWN  WITH  TRACE  OF  SILT) 


(GRADING  REDDISH  BROWN ) (VERY  DENSE) 


(GRADING  DARK  BROWN  WITHOUT  SILT1 


(THIN  LAYER.  SLIGHTLY  SILTY) 


U  SAMPLER  DRIVEN  BY  27S#  SLIPJARS  FALLING  30" 
2.  ELEVATIONS  REFER  TO  SF  DATUM  AND  ARE  BASED  ON 
OFFICIAL  CITY  GRADE. 


LOG  OF  BORING 


DAM  KB  e  MOO— 


PLATE  A-IR 


0)9 
i±j  p 


+  140 


+  1  20 


+  110 


:  +70 


+  60 


17- 


18  —  106 


20 
"21 


106 
109 


24 
-23- 

23 
-24- 

21 


-108 
104 
-103 


ATTERBERG 
LIMITS 


SHEAR  STRENGTH 
TEST  RESULTS 


LABORATORY 


DS/CD 


DS/CD 


DS/CD 


7800 


<tr 

Q.W) 


5640 


FIELD 


TW- 


TW —  1  00--  34  — 


100. 


100 
1  00 
1  00 

"80 


80_ 
1 1  " 


81 


100 


5  1/2 


BORING  19 

DRILLED  1/18-24/78 


I 

r 

i 
i 


ELEVATION  +150.5 ' 


7"  THICK  ASPHALT  PAVEHE;iT 
BROWN  FINE  SA'ID  ( DE'ISE ) 
(DUNE  SAND) 


(GRADING  VERY  DENSE) 


(GRADING  DENSE) 
-(WATER  LEVEL  8/22/78) 

-jV/ATER  LEVEL,  2/1S/78) 


EDDISH  BROWN  FINE  SAND  Mil 
(VERY  DENSE) 
(COLMA  FORMATION) 


TRACE  OF  SILT 


(GRADING  SLIGHTLY  MORE  SILTY) 


(LENS  OF  CLAY) 


(GRADING  LES;  SILTY  A'!D  WITH  I NTERHI TTANT 
IRON  OXIDE  CEHENTATION) 


(GRADING  BROWN) 


DARK  BROWN  SHALE  WITH  LAMINATIONS  OF  S I LTSTONE , 
HIGHLY  WEATHERED  TO  A  SILTY  CLAY  WITH  ROCK 
FRAGMENTS   (VERY  STIFF) 

(GRADING  HARDER  AND  MODERATELY  WEATHERED. 
HIGHLY  FRACTURED) 

(GRADING  HARD ,  LITTLE  WEATHERED  AND  WITH 
IRON-STAINED  FRACTURES,  RQD=17)   


DAMES  &  MOOR! 


PLATE  A- IS 


LOG  OF  BORING 


DAM  E  S  S  MOOR! 


PLATE  A- IS 


+230 


+220 


+210 


+200 


+  190 


+  170 


HSO 


+  140 


OTHER  TESTS  a  1 
INFORMATION  J 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATE  (MIN./FT.) 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (%) 

SAMPLING  RESISTANCE 
(BLOWS/FT)or(HYD.PRESS.,PSI) 

LABORATORY 

FIELD 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

NORMAL  OR  CONFINING 
PRESSURE  (PSF) 

PEAK  SHEAR 
STRENGTH  (PSF) 

TORVANE  (PSF) 

PENETROMETER  (PSF) 

GRAB 

N.A. 

N.A. 

~67  " 
100 

~9b  " 
26 

PERM 
SA 

35%) 

15 

118 

TW 
U 

PERM 

SA 
22%) 

IS 

1 15 

u 

100 

73 

SA  " 
1 0%) 

28 

97 

i 
•s 

10  _ 

u 
u 

NX 
NX  - 
NX 
NX 

NX 

100 

100 
25 
-  100- 

105 

100 
5.5 

15 
9 
6 
14 
17 
20 
13 

\ 

1 00 
50 

0 

'4 

13 
14 

9 

7 

7 

5 

—   6  - 

NX 
NX 

NX 

•  30 

0 

5 

9 
4 
4 

_  >  . 

NX 

0 

lit 

i- 

25 
22 

rlA 
-NX- 
NX 

u 

-  0  - 

13 
17 

h 
•I 

13 
10 

30 

BORING  20 

DRILLED  3/14-23/78 


NOTE: 


SAMPLING  RESISTANCE: 

U  AND  TW  DRIVEN  WITH  A  300  POUND  SLIPJARS  FALLING  18' 
ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED  ON 
OFFICIAL  CITY  GRADE 

REFER  TO  FOLLOWING  GEOLOGIC  LOGS  FOR  MORE  DETAILED 
DESCRIPTION  OF  THE  BEDROCK 


ELEVATION  +240' 

5"  ASPHALT  PAVEMENT,  3' 


GRAVEL  BASE 


Concrete , 


BROWN  FINE  SAND  (DUNE  SAND)  (LARGE  WOOD 
FRAGMENTS  AT  EL.  +235.5'  ) 


(DENSE) 


DARK  BROWN  TO  YELLOW  BROWN  S I LTY  FINE  SAND 
(MEDIUM  DENSE)   (COLMA  FORMATION) 


COARSE  S  I  LTY  SAND  AND  FINE  GRAVEL  (COLLUVIUMf 
BROWN  CLAYEY  FINE  SAND 


BROWN  S I LTY  FINE  SAND  (VERY  DENSE) 
(GRADING  WITH  TRACE  ROCK  FRAGMENTS.  SOME 
IRON  STAINING)  (COLLUVIUM?) 

(GRADING  LESS  S  I  LTY ,  WITHOUT  ROCK  FRAGMENTS) 


BROWN  FINE  SAND  (VERY  DENSE) 


BROWN  CLAYEY  FINE  SAND  WITH  OCCASIONAL 

„  ROCK  FRAGMENTS  (COLLUVIUM)  

BLACK  SERPENTINE  ALTERED  GREENSTONE.  HIGHLIT 
WEATHERED.  WEAK  (FRANCISCAN  BEDROCK)  


RED  AND  GREEN  GREENSTONE,   BRECC IATED 


CHERT  AND  GREENSTONE  WITH  QUARTZ  VE INLETS. 
BRECC IATED 


( BRECC I ATED  TO  COARSE  SAND  SIZE) 


LOG  OF  BORING 


DA  ME  8  e  MOO— 


PLATE  A -IT 


CLIENT :     CITY  8  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  METHOD:. 


BORING  NO. 


20 


ROTARY  WASH  (NX -CORING)  WITH  REVERT  SLURRY 


LOCATION 


34th.  AVE.  NEAR  GEARY 


ELEV. 


240 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  !  


90° 


OF 


ROCK 
TYPE 


SERPENT  I N I  ZED 
GREENSTONE 


OS 

I00 
UjtU 


5 

iQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION,  ETC.) 


GREENSTONE 


J  II 


FR 
SW — 1 
MW 
HW 
X* 


BLACK,   FINE  GRAINED,  HIGHLY 
WEATHERED,  SERPENTINE  ALTERED 
GREENSTONE,  WITH  SOME  LIGHT 
GREEN  SERPENTINE  SEAMS 


RED-GREEN,  FINE  GRAINED 
BRECC IATED  GRADING  LESS 
WEATHERED 


J3AG  SAMPLE  GREENSTONE 
CUTTINGS 


174 


6* 


172  -  < 


71 


162- 


%« 


1  00 


100 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


755025  I   4  I664 


MECHANICAL 
BREAKAGE 


WEATHERED  AND 
SLIGHTLY 
SERPENT  I N I  ZED 
COATINGS  ON 
FRACTURES 


REMARKS 


RUN  #1 
CARBIDE  BIT 
DP- 1 40  PS  I 


BLOCKAGE 


RUN  n 


DP-200  PS  I 


RUN  #3 
DP-100  PSI 


.RUN  #4 
DP-150  PS  I 

CUTTINGS  MAINLY 
SERPENT  I N I  ZED 
MATERIAL 


RU>.  =S 
DIAMOND  8IT 
DP-200  PSI 


STARTED  RAPID 
DRILLING 


DP-ISO  PSI 


RUN  =6 
CARBIDE  BIT 
DP-100  PS  I 


vw 
w 

MS 

s 

vs 


LOG  OF  BORING 


DAMI8  e  MOORE 


PLATE   A- IT/I 


CLIENT: 
PROJECT: 
DRILLING  METHOD 

LOCATION 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 


BORING  NO. 


20 


RICHMOND  TRANSPORT  SEWER 


ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


34th.  AVE.  NEAR  GEARY 


ELEV. 


240 


ANGLE  FROM 
HORIZONTAL  - 

PAGE — ?  


90° 


OF 


ROCK 
TYPE 


GREENSTONE 


OS 


CHERT  AND 
GREENSTONE 


5 


-V- 


FR 

s 

MW 

H* 
XW 


III 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION,  ETC. ) 


BRECC I ATED  WITH  SERPENTINE 
VE INLETS 


BAG  SAMPLE  GREENSTONE  AND 
CHERT  CUTTINGS 


BAG  SAMPLE  GREENSTONE  AND 
CHERT  CUTTINGS 


BAG  SAMPLE  GREENSTONE  AND 
CHERT  CUTTINGS 


158  • 


156" 


152- 


1  50  " 


148 


15  FEET  TRICONE  DRILLING 


35S 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS. 
COATING,  ETC  )  


in 
ui 

cc  . 

oO-£ 
< 

a 

Ll. 

I   4  I6  64 


SLIGHTLY 

WEATHERED 

FRACTURES 


QUARTZ  VE INLETS 


BAG  SAMPLE  GREENSTONE,  CHERT 
AND  QUARTZ  CUTTINGS 


W— 1 


1! 


vw 
w 

MS 

s 

vs 


LOG  OF  BORING 


UJ 

5 

Old 

3i 

ors 

Q ' — 


REMARKS 


RUN  //6  (CONT.  ) 
DP  -  175PSI 


RUN  t»7 


VERY  HARD  CHERT  ? 


RUN  #8 

DP  =  250PS I 

DIAMOND  BIT 


OP  =  200  PS  I 

CHERT  AND  GREENSTONE 

PEBBLES   IN  8IT 


RUN  =9 

DP  =  200  PS  I 
CARBIDE  BIT 


TRICONE  BIT 
DP  ■  200  PS  I 


1  FOOT  CAVE  IN  OVER- 
NIGHT 


DAMES  0  MOORE 


PLATE   A- IT/2 


CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 


RICHMOND  TRANSPORT  SEWER 


CLIENT: 
PROJECT: 

DRILLING  MFTHnn  ROTARY  WASH  (NX -CORING)  WITH  REVERT  SLURRY 

LOCATION         34th.  AVE.  NEAR  GEARY 


BORING  NO. 


20 


ELEV. 


240 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  1  


90° 


OF 


ROCK 
TYPE 


GREENSTONE  AND 
CHERT 


GREENSTONE 


OS 

?o 
tz 

Si 

LU 


FR 
SW — I 
MW 

HW- 
XW 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE  , TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION,  ETC.) 


BAG  SAMPLE  GREENSTONE, 
-CHERT  AND  QUARTZ 
VEINLET  CUTTINGS 


126- 


25.5'  OF  TRICONE 
DRILLING 


GREEN  GREENSTONE 

VERY  HARD  DRILLING  134-138' 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


00.0 
or 

75  50  25  I   4  16  64 


RED  TO  GREEN,   FINE  GRAINED, 
CALCITE  AND  QUARTZ  VE INLETS, 
BRECC I ATED 


21.9'  TRICONE  DRILLING 


GREENSTONE  AND  QUARTZ 
CUTTING 


GREENSTONE  CUTTINGS 


VW 
■—  W 
■  MS 
-  S 

•  vs 


SOME 

S  L 1 C  KENS  1 DED 

75 

FRACTURES 

QUARTZ  AND 

CALCITE  VE INLETS 

95 

WEATHERED 
HALOS  ALONG 
FRACTURES 


LOG  OF  BORING 


< 

or  — 

Oul 
Zh 

d§ 


n 


REMARKS 


RUN  #10 
DP-200  PS  I 


DP-140-160  PSI 


DP=140  PSI 


TRICONE  BIT 
DP-180-200  PSI 


COLOR  CHANGE 
AT  134' 


RUN  #11 
DP=200  PSI 


RUN  #12 
DP-240  PSI 


CORE  BARREL 
PLUGGED 


TRICONE  BIT 
DP-160-220  PSI 


RUN  #13 
DP-240  PSI 


DAMES  8  MOORE 


PLATE  A- IT/3 


CLIENT :     CITY  8  COUNTY  OF  SAN  FRANCISCO  (D&M  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  MFTunn  ■•  ROTARY  WASH  (NX -CORING)  WITH  REVERT  SLURRY 
LOCATION         34th.  AVE.  NEAR  GEARY  


BORING  NO.. 


20 


ELEV. 


240 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  5.  


90° 


OF 


ROCK 
TYPE 


GREENSTONE  AND 
MINOR  CHERT 


OS 

-3 


iQ 


X 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


BAG  SAMPLE  OF  GREENSTONE 
CUTTINGS 


6  FEET  TRICONE  DRILLING 


.BAG  SAMPLE  OF  GREENSTONE 
CUTTINGS  WITH  SOME  CHERT 
AND  CALCITE  VE INLETS 


BAG  SAMPLE  OF  GREENSTONE 
"CUTTINGS  WITH  SOME  CHERT 
AND  CALC ITE  VE INLETS 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC.) 


9  FEET  TRICONE  DRILLING 


< 

Old 
—  t- 
3 

_Z 

Q  — 


10 


20 


REMARKS 


RUN  #13(C0NT) 
DP  =  22  PS  I 


TRICONE  DRILLING 


RUN  #14 

DP  =  180  PS  I 


DP  =  200  PS  I 


TRICONE  DRILLING 
APPROX.   1   FOOT  OF 
SLOUGH  IN  HOLE  181-190 


FR 

sw 

MW- 
HW- 

xw- 


L  vw 
w 

MS 

s 

vs 


LOG  OF  BORING 


DAMES  A  MOOR  I 


PLATE   A- IT/4 


CLIENT: 
PROJECT: 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DaM  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


BORING  NO. 


20 


DRILLING  METHOD 


ROTARY  WASH  (NX -CORING)  WITH  REVERT  SLURRY 


LOCATION      34th.  AVE.  NEAR  GEARY 


ELEV. 


240 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  §  


90° 


OF 


ROCK 
TYPE 


few 


IQ 


Flu 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION,  ETC.) 


!K  CD*  . 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE, ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


75  5025 

_I_U 


I  4  1664 
1  i  I  i  I  i  I 


REMARKS 


GREENSTONE 
AND  CHERT  WITH 
CALCITE  VE INLETS 


—n 


9<   TRICONE  DRILLING 
CUTTINGS  SHOW  GREENSTONE 
WITH  SOME  CHERT 


DEPTH  187' 
RED  CLAY  2-3 1 


RED-GREEN  BRECC I ATED 
GREENSTONE  AND  CHERT 
WITH  CHERT  AND  CALCITE 
VE INLETS 


-197 


8'   TRICONE  DRILLING 
CUTTINGS  SHOW 
GREENSTONE  WITH 
SOME  CHERT 


CLAY  FILLED 
SHEAR  ZONE  ? 
AT  187' 


WEATHERED 
FRACTURE 
SURFACES 
SOME  MECHANICAL 
BREAKAGE  


-V- 


LOG  OF  BORING 


TRICONE  DRILLING 
DP-160-180  PSI 


DP-200  PS  I 


RUN  #15 


PUN  ----16 


DP-200  PSI 

CORE  BARREL  BLOCKED 


TRICONE  DRILLING 


OP- 160  PSI 


DP-220  PS  I 


RUN  #17 
DP- 160  PSI 


PLATE   A -IT/5 


PLATE  A- IT/6 


CLIENT: 
PROJECT: 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


BORING  NO. 


20 


DRILLING  METHOD  • 


ROTARY  WASH  (NX -CORING)  WITH  REVERT  SLURRY 


LOCATION 


34th.  AVE.  NEAR  GEARY 


ELEV. 


240 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  Z  


90° 


OF 


ROCK 
TYPE 


GREENSTONE 
WITH  SOME 
CHERT 


*8 

few 
5J2 


xq 


£<2 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION ,  ETC.) 


 12   E25=i 


RED-GREEN  BRECC IATED 
.  GREENSTONE  WITH  CHERT 
VE INLETS,   COARSE  SAND 
SIZED  BRECCIA 


7.4'  OF  TRICONE 
DRILLING 


CUTTINGS  OF  GREENSTONE 
WITH  SOME  CHERT  AND 
CALCITE  VE INLETS 


227  55P 


229 


237 


!fc  cc 


REMARKS 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC.) 


SHEAR  ZONE? 


HIGHLY  SHEARED 
J3RECC IATED 
FRACTURES  WITH 
SLICKENS  IDED 
SURFACES 


TRICONE  DRILLING 


TERMINATED  80R I NG 
AT  DEPTH  240' 
ELEVATION-0 


FR 
SW — 1 
MW 

HW- 
XW- 


L  VW 

<—  w 

MS 

s 

vs 


LOG  OF  BORING 


DAM  EB  B  MOOR  I 


PLATE  A- IT/ 7 


+  190 


+  170 


+  160 


+  130 


+  120 


+  100 


+80 


+70 


OTHER  TESTS  & 
INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATE  (MIN./FT.) 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (%) 

SAMPLING  RESISTANCE 
(BLOWS/FT) or (H YD.  PRESS. ,PSI) 

LABORATORY 

FIELD 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

NORMAL  OR  CONFINING 
PRESSURE (PSF) 

PEAK  SHEAR 
STRENGTH (PSF) 

TORVANE  (PSF) 

PENETROMETER  (PSF) 

GRAB 

rw 

1 1 

46 

TW 

50 

73 

SA 

(38% 

23 

100 

U 

100 

33 

SA 

(9%) 

17 

1 1  1 

U 

91 

68 
5" 

SA 

(6%) 

21 

106 

U 

67 

56 

6" 

22 

106 

U 

83 

50 
6" 

SA 

(6%) 

21 

105 

u 

56 

74 

25 

103 

u 

83 

55 
6" 

23 

105 

u 

73 

50 
5" 

SA 
(7%) 

21 

109 

u 

82 

60 
5" 

SA 

(4%) 

23 

106 

u 

92 

50 
6" 

SA 
(12%) 

ffgM- 

25 

103 

DS/CL" 

850C 

546C 

u 

SPT 

92 
100 

-  87- 
91 

92 
100 

-73" 
100 

78 
100 

48/6' 
34/9' 

58/5^ 
75/5' 

56/6" 
100 
6" 
50/5" 
100 
2" 
40/3' 
100 
4i" 

(5%) 

SA 
(6%) 

-SA_ 

(8%) 

PERM 
SA 

(5%) 

24 
-24- 

102 

-  u— 

SPT 

U 
SPT 

107" 

U 
SPT 

U 
SPT 

17 
15 

115 
120 

UC 
UC 

512C 
697C 

U 

u 

100 
100 

78 

50 

OFFICIAL  CITY  GRADE. 

REFER  TO  THE  FOLLOWING  GEOLOGIC  LOGS  FOR  A  MORE 
DETAILED  DESCRIPTION  OF  THE  BEDROCK. 


BORING  21 

DRILLED  3/21-27/78 


is 


SP 


SP 


ELEVATION  +195' 


4"  ASPHALT,  4"  CONCRETE.  BASECOURSE  2' 
BROWN  FINE  SAND  (DUNE  SAND) 


(DENSE) 


(VERY  DENSE) 


LIGHT  YELLOW- BROWN  SILTY  FINE  SAND  WITH  IRON 
OXIDE  STAIN  (COLMA  FORMAT  I  OM  (DENSE  ) 

"(CLAYEY  SILT  LENSE1  

, DA RK  GRAY  CLAYEY  FINE  SAND  (DENSE)   

LIGHT  YELL0W-8R0WN  SLIGHTLY  SILTY  FINE  SAND 
(VERY  DENSE) 

(GRADING  LESS  S ILTY) 
-(WATER  LEVEL  8/22/78) 


LIGHT  BROWN  FINE  SAND  WITH  TRACE  OF  SILT 
(VERY  DENSE) 


(GRADING  FINER) 


(GRADING  REDDISH  BROWN) 


BROWN  SILTY  FINE  SAND  WITH  ROCK  FRAGMENTS 
(COLLUVIUM)(VERY  DENSE ) 


DARK  GRAY-BROWN  FINE  SAND  (VERY  DENSE) 


BROWN  FINE  SAND  WITH  FREQUENT  LAYERS  OF  BROWN 
SILTY  FINE  SAND  (VERY  DENSE) 


DARK  BROWN  FINE  SAND  (VERY  DENSE) 

(GRADING  WITH  TRACE  OF  SILT) 

(GRADING  WITH  PARTIAL  WEAK  IRON  OXIDE 
CEMENTAT ION) 


LIGHT  BROWN  SANDY  CLAYEY  SILT  WITH  SOME  ROCK 

FRAGMENTS   (COLLUV I UM) (HARD)  

DARK  GRAY  SILTY  CLAY  WITH  TRACE  OF  SAND  AND 
ROCK  FRAGMENTS  (COLLUV I UM) (HARD ) 
(GRADING  BROWN)  


LOG  OF  BORING 


DAME 8  B  MOORE 


PI.ATE  A-IU 


CLIENT: 

PROJECT: 

DRILLING 

CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB 

185-131-03) 

RORING  NO 

RfCHMOND  TRANSPORT  SEWER 

ANGLE  FROM 
HORIZONTAL 

MFTHOD :  NX  CORING  WITH  REVERT  SLURRY 

90° 

LOCATION 

CALIF.  STREET  NEAR  32nd  AVE. 

ELEV 

195 

FAGE  1 

OF  2 

ROCK 
TYPE 


ZO 
few 


la 

£<2 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE  .TEXTURE , 
MINERALOGY,  8E0DING/F0LIATI0N,  ETC  ) 


GRAYWACKE 


SHALE 


GRAYWACKE 


SHALE 


GRAYWACKE 


FR 
SW — 1 
MW 

HW 
XW 


MEDIUM  BROWNISH  GRAY,    I  RON 
OXIDE  STAINING   IN  FRACTURE, 
FINE  GRAINED,  THIN  BEDDED, 
FEW  CALC IT E  VE INLETS. 


MEDIUM  TO  VERY  DARK  GRAY. 
VERY  FINE  GRAINED. 
THIN  BEDDED. 


MEDIUM  BROWN-GRAY,  MEDIUM 
GRAINED,  MEDIUM  BEDDED, 
• CALC I TE   VE INLETS  COMMON. 


CP=4,400  PSI  -  D 
CP=1,900  PSI  -  A 


CP=17,400  PSI 


DARK  GRAY,  THIN  BEDDED. 


MEDIUM  TO  DARK  GRAY,  MEDIUM 
GRA  INED^  FEW  CALC  ITE 
VE INLETS 


LIGHT  TO  MEDIUM  GRAY,  FINE 
GRAINED,   NUMEROUS  SMALL 
CLASTS  OF  BLACK  SOFT 
ORGAN  ICS 

I NTER8EDDED  SHALE  AND 
GRAYWACKE;   THIN  AND  MEDIUM 
.THICK  BEDS 


CP=3,700  PSI  -  D 


%■ 


85 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE.  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC  )  


tr. 


o-P 


< 

Z  h- 

31 


MODERATELY 
FRACTURED,  MOSTLY  I 
PARALLEL  TO 
BEDDING. 


HIGHLY  FRACTURED 
WITH  CLAY  FILLINGI 
FRACTURES,  MOSTLYl 
PARALLEL  TO 
BEDDING.  CLAY 
SEAMS  SLAKE 
READILY 


.MODERATELY  

FRACTURED, 
RANDOMLY  OR  I ENTED I 


DOES  NOT  SLAKE 


DOES  NOT  SLAKE 


MODERATELY 
FRACTURED,  MOSTLY | 
CLEAN 


HIGHLY  FRACTURED 
SLIGHT 

SUSCEPTIBILITY 
TO  SLAKING,  SLOW 


SHEAR  ZONE 


VW 

W 

MS 

S 

vs 


LOG  OF  BORING 


REMARKS 


RUN 
DP  - 


80  PSI 


DP  -   100  PSI 


RUN  #2 

DP  -  0  PSI 


DP  -  80  PSI 


DP  -   120  PSI 


DP  -  200  PSI 


RUN  "3 
DP  -  100  PS  I 


OP  -  120  PSI 


DP  -  140  PSI 


(BLOCKED  ?) 


RUN  "4 

2"-3"  RAPID  DROP 
-I OSS  OF  WATER 


RUN  »5 

DP  -  0  PSI 


DP  -  100  PS  I 


SOFTER  ZONE 


LOSS  OF  WATER 


RUN  «6 

(SEE  NEIT  PACE) 


DAMES  8  MOORE 


PLATE  A-IU/I 


CLIENT: 
PROJECT: 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


DRILLING  METHOD 


NX  CORING  WITH  REVERT  SLURRY 


BORING  NO. 


ANGLE  FROM 
HORIZONTAL  - 


21 


90e 


LOCATION 


CALIF.  STREET  NEAR  32nd.  AVE. 


ELEV. 


195 


PAGE. 


OF 


ROCK 
TYPE 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


CE 

3  CE 


O 

cTP 


CE  „ 
</) 
Old 
Zh 

31 

CE5 
Q  — 


REMARKS 


GRAYWACKE 


(SEE  PREVIOUS  PAGE) 


MEDIUM  GRAY  AND  GRAY- BROWN 
FINE  GRAINED  SAND  MATERIAL 
WITH  SMALL  POCKETS  OF  SOFT 
BLACK  ORGAN  ICS 


DARK  GRAY  TO  BLACK  VERY  FINE 
GRAINED.   FEW  CALCITE  VEINLETS 
FRACTURES  MOSTLY  CLAY  COATED 

CP=1,500  PSI  -  D 


GRAYWACKE 


MEDIUM  TO  DARK  BLUE-GRAY 
FINE  GRAINED  SAND  MATERIAL 
-t-FEW  LARGE  CALCITE  VEINLETS, 
*  VERY  FEW  SMALL  POCKETS  OF 
ORGAN  ICS. 

—    CP=6,600  PSI  -  D 


190 


HIGHLY  FRACTURED 
TO  SHEARED.  MOST 
FRACTURES  HEALED 
DOES  NOT  SLAKE 

HIGHLY  FRACTURED 
DOES  NOT  SLAKE 

HIGHLY  SHEARED 
SLAKES  READILY 

MODERATELY 
FRACTURED 


HIGHLY  FRACTURED 


HIGHLY  SHEARED. 
MODERATE 
SUSCEPTIBILITY  TO 
SLAKING 
SL  ICKENS  IDES 


RUN  US 

DP  =  0  PSI 

LOSS  OF  WATER 


DP  =  100  PSI 


LOSS  OF  WATER 


DP  =  0  PSI 
LOSS  OF  WATER 


END  OF  BORING  21 
ELEVATION  3.8' 


FR  J 

MW 

HW- 
XW 


L  vw 
1 —  w 

MS 

5 

vs 


LOG  OF  BORING 


DAMBS  8  MOOR  I 


PLATE  A-IU/2 


+220 


OTHER  TESTS  8 
INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATE  (MIN./FT.) 

SAMPLER  TYPE 

1   SAMPLER  RECOVERY  (%) 

SAMPLING  RESISTANCE 
(BLOWS/FT)or(HYD.PRESS.,PSI) 

LABORATORY 

FIELD 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

NORMAL  OR  CONFINING 
PRESSURE  (PSF) 

PEAK  SHEAR 
STRENGTH (PSF) 

TORVANE  (PSF) 

PENETROMETER  (PSF) 

U 

78 

56 

u 

78 

120 

-  50  - 
4" 

-55- 
4.5" 

-  u  — 

-  80  " 
-76  " 

u 

SA 
(13%) 

18 

110 

u 
u 

78 
83 

90 

63 
6" 

PERf 

-TX/CU 
I 

TX/CU12 


TX/CU 


12,960 
960 
12,960 


X/CU12.960 

TX/CU12.960 


8830 
2300 
1630 


2930 
2980 


BORING  22 

DRILLED  3/23-4/3/78 


67 

80 
100 


100 
100 
70 


100 


100 


SP 


ELEVATION  +27S1  

3"  ASPHALT  PAVEMENT  OVER  3'' 


BROWN  FINE  SAND  (DUNE  SAND)  (DENSE) 


(VERY  DENSE) 


(GRADING  SLIGHTLY  SILTY) 


DARK  BROWN  VERY  SILTY  FINE  SAND,  NON-PLASTIC 
(VERY  DENSE)   (COLMA  FORMATION) 


BROWN  TO  YELLOWISH-BROWN  SLIGHTLY  SILTY  FINE 
SAND  (VERY  DENSE) 


STRONG) 


(GREENSTONE  INCLUSION, 


HIGHLY  BRECC IATED.  FRESH) 
FRESH,  VERY 


(GRAYWACKE   INCLUSION,  MASSIVE 
STRONG) 

(SHEARED  SHALE  MATRIX  GRADING  WITH  GRAYWACKE 

I  i.CLUS  IONS) 
(GRAYWACKE   INCLUSION,  HIGHLY  BRECC IATED) 
(SHEARED  SHALE  MATRIX  GRADING  WITH  SERPENTINE 

HIGH  SUSCEPTIBILITY  TO  SLAKING) 
(LIGHT  GREEN  SERPENTINE   INCLUSION.  HIGHLY 

SHEAREO.   SL I CKENS I DED ,   FRESH.   VERY  WEAK) 


NOTES: 


1.  SAMPLING  RESISTANCE: 

U  SAMPLER  DRIVEN  BY  325  POUND  SLIPJARS  FALLING  16" 

2.  ELEVATIONS  REFER  TO  S.F.  DATUM  AND  BASED  ON  OFFICIAL 
CITY  GRADE. 

3.  REFER  TO  FOLLOWING  GEOLOGIC  LOGS  FOR  A  MORE  DETAILED 
DESCRIPTION  OF  THE  BEDROCK 


LOG  OF  BORING 


I 


PLATE  A- IV 


CLIENT :     CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  METHOD: 


BORING  NO.. 


ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


LOCATION 


41st.  AVE.  NEAR  GEARY 


ROCK 
TYPE 


GREENSTONE 


-3 


< 

LU 

*J2 


GREENSTONE  WITH 
SOME  CHERT 


SW — 1 
MW 

HW- 

xw 


5 


ii 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


RED,   FINE  GRAINED  WEATHERED 
.BRECCIATED  MINOR  QUARTZ 
VEINS 


CUTTINGS  SHOW  GREENSTONE 
WITH  MINOR  CHERT  AND 
QUARTZ  VEINLETS 


GRADING  WITH   INCREASING  CHERT 


CUTTINGS  SHOW  GREENSTONE 
WITH  SOME  CHERT 


>-  vw 
>—  w 

MS 

s 

vs 


LOG  OF  BORING 


PLATE  A-IV/I 


CLIENT :  CITY  a  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 
PROJECT:    RICHMOND  TRANSPORT  SEWER  


BORING  NO. 


22 


DRILLING  METHOD: 
LOCATION   


ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


41st.  AVE.  NEAR  GEARY 


ELEV. 


275 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  ?  


90° 


OF 


ROCK 
TYPE 


GREENSTONE  Wl 
SOME  CHERT 


9 


5 

iQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE  .TEXTURE , 
MINERALOGY,  BEDDING/FOLIATION,  ETC. 


CUTTINGS  SHOW  GREENSTONE 
SOME  CHERT,   QUARTZ  AND 
GREEN  CLAYEY  VE INLETS 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


.  FRACTURES  VERY. 
WEATHERED 
SOME 

SLICKENS  IDED 
SURFACES 

8RECC I ATED ,  SOME 
FRACTURES  COULD 
BE  MECHANICAL 


REMARKS 


RUN  #3  (CONT. 


DP=80  PS  I 


RECOVERED  MATE 
SHOWS  S  IGNS  OF 
BEING  ROUNDED 
CORING  PROCESS 


RIAL 
IN  THE 


PLATE  A-IV/2 


CLIENT :     CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 
.    RICHMOND  TRANSPORT  SEWER 


BORING  NO. 


22 


PROJECT: 
DRILLING  METHOD  • 

LOCATION   


ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


ELEV. 


275 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  §  


90° 


OF 


ROCK 
TYPE 


GREENSTONE 


-3 

UjUJ 


.1 


5 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


ABUNDANT  QUARTZ  VE INS 
CP=7,500  PSI  -  A 


CUTTINGS  SHOW  GREENSTONE 


u2 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE, ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC  )  


S3 

ATE 

TUR 

Eg 

£T„ 
(/) 
OUJ 

o 

Zh 

< 

<r 

31 

u. 

16  64 

4 

O-— 

HIGHLY  FRACTURE 
8RECC IATED 
WEATHERED  ROUGH 
FRACTURE 
SURFACES 


GRADING  FRESH 


FRESH,  WITH  PYRITE  CRYSTALS 
ON  FRACTURE  PLANES 
CP=16,800  PSI  -  D 

CP=6,900  PSI  -  D 


MELANGE 


CUTTINGS  SHOW  GREENSTONE 


WITH  BLACK  SHALE    IN  LAST  FOOT 


FR  J 

sw- 

MW- 

HW— 

xw- 


I  L  vw 
I—  w 


SHEAR  ZONE 


•  MS 

•  s 

•  vs 


LOG  OF  BORING 


2  6 


REMARKS 


10'   TRICONE  DRILLING 
NO  CAVING,  ABOUT 
0.4'   OF  SLOUGH  IN 
BOTTOM  OF  HOLE 


LAST  3'  VERY  HARD 


RUN  *6 


DP-200  PSI 
DP-240-250  PSI 


DP-230  PSI 


10'  TRICONE  DRILLING 
LOS ING  SOME  WATER 


BLACK  SHALE  IN  LAST 
FOOT 


DAM  E  8  a  MOORE 


PLATE  A-IV/3 


CLIENT: 
PROJECT: 
DRILLING  METHOD 

LOCATION   


CITY  8  COUNTY  OF  SAN  FRANCISCO  (D&M  JOB  185-131-03) 


BORING  NO. 


22 


RICHMOND  TRANSPORT  SEWER 


ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


41st.  AVE.  NEAR  GEARY 


ELEV. 


275 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  5-  


90° 


OF 


ROCK 
TYPE 


MELANGE 


3  => 


FR 

SW 

MW 

HW- 

XW 


2* 


5 

rr  1. 1 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


BLACK,   BRECC I ATED  COARSE  SAND 
SIZED  GREENSTONE  CLASTS  IN 
MATRIX  OF  S L I CKENS I DED  BLACK 
SHALE 


GREEN  WITH  SOME  RED,  FINE 
GRAINED,   BRECC IATED 
SL I CKENS I DED  FRACTURE 
SURFACES,  QUARTZ  VE INLETS 
UP  TO  i"  WIDE 


DARK  GRAY  TO  BLACK,   BRECC IATED 
COARSE  SAND  TO  GRAVEL  SIZED 
GREENSTONE  CLASTS    IN  MATRIX  OF 
SLICKENS  IDED  BLACK  SHALE 


GREEN,  BRECC I ATED  COARSE 
SAND  S IZED  GREENSTONE 


BLACK  TO  DARK  GRAY,   BRECC IATED 
GRAYWACKE  AND  GREENSTONE  CLASTS 
IN  SL I CKENS I DED  SHALE  MATRIX 
SOME  SHEARED  CALCITE  VE INLETS 


GRAY,  FINE-MEDIUM  GRAINED, 
CALC ITE  VE INLETS  UP  TO  i" 
THICK 


246 


22  — 


258  JJ, 


-s, 


55c 


s*ss 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


3  0= 


Q-P 


75  50  25  I    4  16  64 


ASSUMED  LOSS 
IN  MELANGE 


BRECC IATED 


SLICKENS IDED 

FRACTURE 

SURFACES 


BRECC IATED 
REHEALED 
SLICKENS IDED 
.FRACTURE 
PLANES 


ASSUME  LOSS 
NEAR  BOTTOM 
OF  RUN 


VERY  HIGH 
SUSCEPTIBILITY 
TO  SLAKING 

SL  ICKENS  IDED 
SHALE  MATRIX 


SHALE  MATRIX 
HAS  SOME 
COEHES ION 


SLICKENS IDED 
SHALE  MATRIX 


VERY  HIGH 
SUSCEPTIBILITY 
TO  SLAKING 


ROUGH 
FRACTURES 


REMARKS 


RUN  #7 

2-3"  SLOUGH  IN 
BOTTOM  OF  HOLE 


DP=I40  PS  I 


DP=I60-180  PS  I 


RUN  #8 

DP=140-160  PS  I 


DP=200  PS  I 


DP=220  PS  I 


RUN  "9 

DP=160-180  PSI 

RIG  QUIT  CHATTERING 
DP=140-170  PS  I 


RUN  *10 


RUN  «ll 


BLOCKED 


RUN  =13 
DP* 140  PS  I 


■  MS 

■  S 

■  vs 


LOG  OF  BORING 


DAM ■  8  O  MOORE 


PLATE  A-IV/4 


CLIENT: 
PROJECT: 
DRILLING  METHOD: 

LOCATION   


CITY  a  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


BORING  NO.. 


22 


ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


41st.  AVE.  NEAR  GEARY 


ELEV. 


275 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  §  


90° 


OF 


ROCK 
TYPE 


ii 


GRAYWACKE 
I  tJCLUS  I  ON 


GRAYWACKE 
I NCLUS I  ON 


Tin* 

sw— ' 

MW 

HW- 
XW 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION,  ETC. ) 


WITH  GRAYWACKE  INCLUSIONS 


HIGHLY  BRECC IATED 


MELANGE  MATRIX, 
RICH  CLAY 


SERPENTINE 


I NCREAS I NG  IN  SERPENT  I NE 
CONTENT 


LIGHT  GREEN-HIGHLY  SHEARED 
WITH  MINOR  SAND  SIZED  BRECCIA 
CLASTS  OF  BLACK  SERPENTINE 


264 


266 


270 


•  vw 

■  w 

'  MS 

•  s 

■  vs 


•276 


-  55iS 


-ssSs$ss 


-SSc<S 


S  ioo 


70 


100 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


HIGH 

.SUSCEPTIBILITY. 
TO  SLAKING 


ASSUME  LOSS 
IN  MELANGE 


HIGH 

SUSCEPTIBILITY 
TO  SLAKING 


.  CLAY  MATRIX  HAS. 
SOME  COHESION 


HIGHLY 

SL  I  CKENS  I DED 
VERY  WEAK 
WHEN  WET 


MODERATE 
SUSCEPTIBILITY 
TO  SLAKING 


i-uiS 


LOG  OF  BORING 


tr  „ 

(T5 


REMARKS 


RUN  #13   (CONT. ) 


RUN  #14 


DP=180-200  PS  I 


DP=WE I GHT  OF  RODS 


RUN  =16 


PLATE  A-IV/5 


CLIENT :     CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 


PROJECT: 


RICHMOND  TRANSPORT  SEWER 


DRILLING  MFTHnn:      ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


BORING  NO. 


ANGLE  FROM 
HORIZONTAL  - 


22 


90° 


LOCATION 


41st.  AVE.  NEAR  GEARY 


ELEV. 


275 


PAGE. 


OF 


ROCK 
TYPE 


SERPENT INE 
INCLUS ION 


OS 

UJ 
X 


iflj 


5 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION ,  ETC. ) 


GRAY  BRECC IATED  SAND  S IZED 
GRAYWACKE,  GREENSTONE  AND 
SERPENTINE  CLASTS   IN  MATRIX 
OF  SERPENTINE  RICH  CLAY 


X 
h- 
I  O- 
I  Id 
I  O 
•276 


t 


1(3 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATI NG,  ETC.?  


VERY  HIGH 
SUSCEPTIBILITY 
TO  SLAKING 


CLAY  MATRIX  HAS 
SOME  COHESION 


UJ 

5 

tr- 
io 

OUJ 
ZH 

~  O 
_Z 


REMARKS 


RUN  "16  (CONT. ) 


DP- 1 40  PS  I 


TERMINATED  BORING 
AT  ELEVATION  -3.8' 
DEPTH  278. 8' 


FR  J 
SW— ' 
MW 
HW 

xw 


vw 
w 

MS 

s 

vs 


LOG  OF  BORING 


DAM  KB  e 


PLATE  A-IV/6 


too 

UJ  i— 
.2 

'-O 


+260 


ATTERBERG 
LIMITS 


SHEAR  STRENGTH 
TEST  RESULTS 


LABORATORY 


Sot 

CC  UJ 

Ok 
zn 


Ult- 
CLU5 


FIELD 


CL  S 

„2 


BORING  23 

DRILLED  4/4-20/78 


ELEVATION  +251 1 


\2"  ASPHALT  I  C  PAVEMENT 


BROWN  TO  YELLOW- BROWN  FINE  SAND  (DUNE  SAND) 


+240 


+230 


+220 


H80 


+  170 


GRAB 


SPT 
NX 


100 
70 


BROWN  AND  RED-BROWN  SILTY  FINE  SAND  (COLMA 
FORMATION) 
^(WATER  LEVEL  8/22/78) 


BROWN  AND  GF.AY  SILTY  FINE  SAND  WITH  SOME  FINE 
CHERT  FRAGMENTS  (COLLUVIUM) 

(GRADING  WITH  WEATHERED  SANDSTONE  FRAGMENTS) 
~GRAY- BROWN  FINE  TO  MEDIUM  GRAINED  GRAYWACKE 

MODERATELY  WEATHERED,   MODERATELY  STRONG,  HIGHLY 
HIGHLY  FRACTURED.    IRON  STAINED  JOINTS  FILLED 
WITH  A  SANDY  CLAY 


RED-BROWN  CHERT  WITH  SOME  RED  GREENS  TONE . 
GRAINED,   HIGHLY  FRACTURED 


BLACK  TO  DARK  GRAY  LAMINATIONS  OF  SILTSTONE  AND 
GRAYWACKE .   FRESH  TO  MODERATELY  LEATHERED, 
MODERATELY  STRONG.  MODERATE  TO  HIGH 
SUSCEPTIBILITY  TO  SLAKING.  MOSTLY  BRECC IATED 
WITH  CLAY  OR  S  L  I  CKENS  I DED  SHALE  I'ATRIX 


NOTES: 


1.  SAMPLING  RESISTANCE: 

SPT  DRIVEN  BY  140  POUND  FALLING  30" 

2.  ELEVATIONS  REFER  TO  S.F.  DATUM  AND 
BASED  ON  OFFICIAL  CITY  GRADE 

3.  REFER  TO  FOLLOWING  GEOLOGIC  LOGS  FOR 

A  MORE  DETAILED  DESCRIPTION  OF  THE  BEDROCK 


DAMES  &  MOORE 


PLATE  A-IW 


CLIENT: 
PROJECT: 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


BORING  NO. 


23 


DRILLING  METHOD 


ROTARY  WASH  ( NQ-CORING )  WITH  REVERT  SLURRY 


LOCATION 


LINCOLN  PARK  NEAR  PRO-SHOP 


ELEV. . 


251 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  !  


90° 


OF 


10 


ROCK 
TYPE 


GRAYWACKE 


FR  J 
SW— 1 
MW 

HW- 

xw 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION.  ETC. ) 


LIGHT  TO  MEDIUM  ORANGE- BROWN 
FINE  SAND  SIZE  MATERIAL  WITH 
A  HIGH  PROPORTION  OF  CLAYEY 
SAND  MATRIX,   THICK  BEDDED  TO 
MASS  I VE 


MEDIUM  BROWN  GRAY  FINE  SAND 
SIZE  MATERIAL,  MEDIUM  BEDDED 


63 


182  — 


70 


176- 


°>- 


LlJ 
> 

O 

o 

—  UJ 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


75  5025  I   4  16  64  Q  — 


EXTREMELY 
FRACTURED 


MATRIX  HIGH 
SUSCEPTIBILITY 
TO  SLAKING 


OXIDE  COATING 
ON  FRACTURE 
SURFACES 


SAME 


REMARKS 


RUN  #1 


CAS  ING  SET  TO  70' 
SAND  CAVING  INTO 
BORING 


RUN  #3 


*-  vw 
w 

MS 

s 

vs 


LOG  OF  BORING 


PLATE  A-IW/I 


CLIENT:     CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03)  

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  MpTHnn:        ROTARY  WASH  (NQ-CORING)  WITH  REVERT  SLURRY 
LOCATION   LINCOLN  PARK  NEAR  PRO-SHOP   ELEV  251 


BORING  NO. 


23 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  ?  


90° 


OF 


10 


ROCK 
TYPE 


CHERT  WITH  SOME 
GREENSTONE 


GO 


< 

UJ 

3:2 


5 

xq 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION,  ETC.) 


RED  BROWN  VERY  FINE  GRAINED 
CHERT  AND  RED  FINE  GRAINED 
GREENSTONE 


CUTTINGS  SHOW  CHERT  WITH  SOME 
GREENSTONE 


FR 
SW— 1 
MW- 
H*- 
XW 


170- 


168  — 


86 


162- 


90 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC.)  


< 

DC- 
to 

OUJ 
ZH 

—  13 

z 

CCS 

Q « — 


LOG  OF  BORING 


REMARKS 


RUN  ff4  (CONT.) 
NO  CORE  RECOVERY 
IDENTIFICATION 
FROM  CUTTINGS 


8'   TRICONE  DRILLING 


RUN  =6 

88'  CASING.  MIXED 
REVERT,  SLOW  CORING 
SLOW  ROTATION 
CARBIDE  BIT 


SPEEDED  UP 


DAMI8  A  MOOR  I 


PLATE  A-IW/2 


CLIENT:     CITY  S  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  MF-mnn:      ROTARY  WASH  (NQ-CORING)  WITH  REVERT  SLURRY 


BORING  NO.. 


23 


LOCATION 


LINCOLN  PARK  NEAR  PRO-SHOP 


ELEV. 


251 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  1  


90° 


OF 


10 


ROCK 
TYPE 


CHERT  WITH  SOME 
GREENSTONE 


GREENSTONE  WITH 
SOME  CHERT 


zo 
or 

UJ 
X 


5 

xQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION, ETC.) 


CUTTINGS  SHOW  GREENSTONE  WITH 
SOME  CHERT 


DARK  OLIVE  GREEN  ANGULAR 
CHIPS  WITH  FEW  DARK  RED 
8R0WN  FRAGMENTS.   FEW  WHITE 
QUARTZ  CHIPS   IN  WASH 
MATERIAL 


FR  J 
SW— I 
MW 

HW- 
XW 


15 


tror 

li.O 


96 


152 


146- 


>-  vw 
<—  w 

MS 

s 

vs 


110 


HI'1.-' 


1-° 

_l  cr 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


=>  Pi  a 


< 

zP 

JZ 


n 


SOME  WEATHERED 
SURFACES 


LOG  OF  BORING 


I 


2.S 


REMARKS 


RUN  #7  (CONT. ) 
BROWN  WASH  WATER 


TR I  CONE  DRILL  BIT 
USED  TO  THE  DEPTH 
OF  98' 


RUN  #8 

IDENTIFICATION 
FROM  CUTTINGS 


TRICONE  DRILL  BIT 
USED  TO  THE  DEPTH 
OF    109' (ELEV.  142') 


OVERNIGHT  ABOUT 
S'  OF  SLOUGH  IN 
HOLE 


RUN  =9 


DAM  KB  e  MOOR  I 


PLATE  A-IW/3 


CLIENT: 

PROJECT: 

DRILLING 

LOCATION 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 

RICHMOND  TRANSPORT  SEWER  

METHOD  i      ROTARY  WASH  (NQ- CORING)  WITH  REVERT  SLURRY 


BORING  NO. 


23 


LINCOLN  PARK  NEAR  PRO-SHOP 


ELEV. 


251 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  4  


90° 


OF 


10 


ROCK 
TYPE 


GREENSTONE 


5 

xq 


£<2 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


GREENISH  BROWN  TO  REDDISH 
BROWN 


CUTTINGS  SHOW  GREEN  GREENSTONE 
THEREFORE  GRADING  LESS  _ 
WEATHERED 


FR 

sw — ' 

MW 

HW 

xw 


GREENISH  BROWN  WITH  DARK 
YELLOW  BROWN  FINES    IN  WASH 


CUTTINGS  SHOW  GREEN  GREENSTONE 
WITH  QUARTZ  AND  CHERT  VEINLETS 


134  - 


128  • 


124 


vw 
■—  w 

MS 

s 

vs 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC  )  


3  tr 


O 
c~  P 


< 


I 


SHEAR  ZONE 


SOME  WEATHERED 
FRACTURE 
"SURFACES 


LOG  OF  BORING 


REMARKS 


RUN  »9  (CONT 


TR I  CONE  DRILL  BIT 
USED  TO  THE  DEPTH 
OF  119' 


RUN  "10 

IDENTIFICATION 
FROM  CUTTINGS 


RUN  *1l 


DAMES  0  MOORE 


PLATE  A-IW/4 


CLIENT:     CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  MF-mnn:        ROTARY  WASH  (NQ-CORING)  WITH  REVERT  SLURRY 


BORING  NO.. 


23 


LOCATION 


LINCOLN  PARK  NEAR  PRO-SHOP 


ELEV. 


251 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  §  


90° 


OF 


10 


ROCK 
TYPE 


GREENSTONE 


OS 

zo 
or 


few 


II 


J 


xQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR.GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION,  ETC.) 


BRECC I  ATED  WITH  NUMEROUS 
FRACTURES 


BRECC I ATED 


REMARKS 


RUN  #11   (CONT. ) 


YELLOW  CLAY  SEEN 
IN  CUTTINGS,  COULD 
BE  SHEAR  ZONE 


RUN  #12 


RUN  =13 


BLOCKED  BARREL 
SWITCHED  TO  FINE 
DIAMOND  BIT 


RUN  "14 


RUN  =16 


16.5'   TR I  CONE  DRILLING 


FR 
SW 
MW 

HW- 
XW 


3 


L  vw 
w 

MS 

s 
vs 


LOG  OF  BORING 


DA.MHB  e  MOOR  I 


PLATE  A-IW/5 


CLIENT: 
PROJECT: 
DRILLING  METHOD: 

LOCATION   


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 


BORING  NO. 


23 


RICHMOND  TRANSPORT  SEWER 


ROTARY  WASH  (NQ -CORING)  WITH  REVERT  SLURRY 


LINCOLN  PARK  NEAR  PRO-SHOP 


ELEV. 


251 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  §  


90° 


OF 


10 


ROCK 
TYPE 


01  UJ 

cn 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION ,  ETC.) 


REMARKS 


GREENSTONE 


CUTTINGS  SHOW  GREENSTONE  AND 
SOME  CLAY 


BRECC IATED 


CUTTINGS  SHOW  GREEN  GREENSTONE 
WITH  MAGNETITE,  QUARTZ  VEINLETS 
AND  PYRITE  COATING  ON  FRACTURES 


-K- 


BRECC IATED  SAND  TO  GRAVEL  SIZED 
CLASTS  OF  GREENSTONE,  GRAYWACKE 
AND  SERPENTINE   IN  GRAY  CLAY 
MATRIX  WITH  ABUNDANT 
S L I CKENS I DED  BLACK  SHALE 


LOG  OF  BORING 


16.5 1  TR I  CONE  DRILLING 
(CONT. ) 


YELLOW  CLAY  IN 
CUTTINGS,  COULD 
BE  SHEAR  ZONE 


RUN  =17 


23'   TRICONE  DRILLING 


RUN  #18 
CARBIDE  BIT 


TRICONE  DRILLING 


HOLE  KEPT  CAVING 
.ADVANCED  3'  ALL 
DAY 


RUN  =19 


DIAMOND  BIT 


PLATE  A-IW/6 


CLIENT: 
PROJECT: 
DRILLING  METHOD 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (D&M  JOB  185-131-03) 


RICHMOND  TRANSPORT  SEWER 


BORING  NO. 


ROTARY  WASH  (NQ-CORING)  WITH  REVERT  SLURRY 


ANGLE  FROM 
HORIZONTAL  . 


23 


90° 


LOCATION 


LINCOLN  PARK  NEAR  PRO-SHOP 


ELEV. 


251 


PAGE. 


OF 


10 


ROCK 
TYPE 


5 

iQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION ,  ETC.) 


FR  J 
SW— ' 
MW 

HW- 
X* 


UJ  Q- 
UJ 

UJ  O 

192 


54 


200 


202 


204 


206 


o 

5§ 


cece 

U-O 


ft 


Sss 
's 


4 


Ssss 

He 


>S5 


5% 


^9 


ft 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


SL  I  CKENS  I  DED 
SHALE 


HIGH 

SUSCEPTIBILITY 
TO  SLAKING 


SLICKENS IDED 
SHALE  MATRIX 

VERY  HIGH 
SUSCEPTIBILITY 
TO  SLAKING 


SL  I  CKENS  I  DED 
SHALE  MATRIX 
VERY  HIGH 
SUSCEPTIBILITY 
_T0  SLAKING 

ASSUME  CORE 
LOSS  IN 
SLICKENS IDED 
SHALE 


>-  vw 
w 

MS 

s 

vs 


LOG  OF  BORING 


I—  «~ 


75  5025  I   4  16  64 


REMARKS 


RUN  *I9  (COM. 


RUN  £20 


RUN  #21 


OAMB8  »  MOO** I 


PLATE  A-IW/7 


CLIENT 
PROJECT 
DRILLING  METHOD 


CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 


RICHMOND  TRANSPORT  SEWER 


BORING  NO. 


ROTARY  WASH  (NQ-CORING)  WITH  REVERT  SLURRY 


ANGLE  FROM 
HORIZONTAL  . 


23 


90° 


LOCATION 


LINCOLN  PARK  NEAR  PRO-SHOP 


ELEV 


251 


PAGE  §_ 


OF 


10 


ROCK 
TYPE 


?o 
tr 

Id 
I 

jtO 


GRAYWACKE 


FR  J 
SW— 1 
MW 
NW 
XW 


5 

xQ 


L 
ft 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR,  GRAIN  SIZE  .TEXTURE , 
MINERALOGY,  BEDDING /FOLI  ATI  ON ,  ETC.) 


GRAY  MEDIUM  TO  COARSE  GRAINED, 
PREDOMINATELY  QUARTZ  AND 
LITHIC  FRAGMENTS,  THICK  BEDDED 
CHLORITE  GRAINS  FORMING 


SLIGHT  FOLIATION, 
CALCITE  VEINLETS 


CP=5,000  PSI  -  D 
CP=3,300  PSI  -  D 
CP=3,300  PSI  -  D 


MINOR 


CP=13,300  PSI  -  D 
CP=3,300  PSI  -  D 


CP=5,300  PSI  -  D 


CP=7,500  PSI  -  D 
CP=7,900  PSI  -  A 


BRECC IATED 


CP=1,700  PSI  -  D 


L  VW 
I—  W 
MS 

S 

vs 


5  F 

tU  CL 


I  Q 

2  08 


42 


:  S 

s, 


40  — 


212 


38 


214 


36 


220 


222 


<  _i 
tr 


Kg 

U-O 


:ssN 


MX 


zM. 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC  ) 


< 

tr  „ 
to 
otu 
—  i- 

Z> 
Z 

tr  2 
Q  ■ — 


CALC I TE  VE INLETS 
ON  HEALED 
FRACTURES 

SOME 

SLICKENS IDED 
CHLORITE  ON 
FRACTURE 
SURFACES 


SHEAR  ZONE 


LOW 

SUSCEPT I B I L I TY 
TO  SLAKING 

CORE  LOSS 
PROBABLY  II. 
THIS  PORTION 
OF  SHEAR 
ZONE 


REMARKS 


RUN  »2I   (CONT. ) 


RUN  #22 

OVERNIGHT  8'  OF 
SLOUGH   IN  BORING 


RUN  =23 


LOG  OF  BORING 


DAMIS  B  MOORE 


PLATE  A-IW/8 


CLIENT: 
PROJECT: 


CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03)  

RICHMOND  TRANSPORT  SEWER  

ROTARY  WASH  (NQ-CORING)  WITH  REVERT  SLURRY 


BORING  NO. 


23 


DRILLING  METHOD 
LOCATION   LINCOLN  PARK  NEAR  PRO-SHOP 


ELEV. 


251 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  5  


90° 


OF 


10 


ROCK 
TYPE 


OS 

*J2 


5 

xQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION,  ETC. ) 


GRAYWACKE 


FR-r 

SW— I 

MW 

HW 

xw 


BRECC IATED 


CP=4,200  PSI  -  D 


BRECC I ATED 


BLACK  TO  DARK  GRAY  BRECC IATED 
LAMINATIONS  OF  S I LTSTONE  AND_ 
"VERY  FINE  GRAINED  GRAYWACKE 


I   M! 


26 


228 


22  — 


232 


23  4  £5 


238 


m5^ 


mi  s? 


-Ms? 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


SHEAR  ZONE 


SLICKENS IDED 
SHALE 

LAMINATIONS 

SHEAR  ZONE 

CLAY  MATRIX 
TO  SHEAR  ZONE 
HIGH 

SUSCEPTIBILITY 
TO  SLAKING 


SHEAR  ZONE 


HIGHLY 
BRECC IATED 


SLICKENS IDED 
SHALE 


BRECC IATED 
.WITH  CLAY 
MATRIX 


SL  I  CKENS  I  DED 
SHALE  MATRIX 


MODERATE 
SUSCEPT I B I L ITY_ 
"TO  SLAKING, 
SOME  CLAY 
MATRIX 


HIGH 

SUSCEPTIBILITY 
TO  SLAKING 


755025  I   4  1664 


REMARKS 


RUN  #23   (CONT. ) 


RUN  #24 


RUN  =25 


•  S 

■  vs 


LOG  OF  BORING 


PLATE  A-IW/9 


CLIENT: 
PROJECT: 
DRILLING  METHOD 

LOCATION   


CITY  a  COUNTY  OF  SAN  FRANCISCO  (D&M  JOB  185-131-03) 


BORING  NO.. 


23 


RICHMOND  TRANSPORT  SEWER 


ROTARY  WASH  (NQ-CORING)  WITH  REVERT  SLURRY 


ANGLE  FROM 
HORIZONTAL  . 


90° 


LINCOLN  PARK  NEAR  PRO-SHOP 


ELEV. 


251 


PAGE. 


10 


OF 


10 


ROCK 
TYPE 


OS 

zo 

tjUJ 


xQ 


S I LTSTONE 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE  .TEXTURE , 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


6"  CORE  CONS ISTS  OF 
PEBBLE  S IZED  CLASTS  OF 
S I LTSTONE  AND  BRECC I ATED 
GRAYWACKE 


-  240 


242 


■ 


6  — 


246 


-248 


o 


m 

mm 
■Si 

If 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


uj 

to 

~3 


75  5026  I   4  16  64 


REMARKS 


RUN  #26 


TERMINATED 
BORING  AT 
ELEVATION  3' 
DEPTH  AT  248' 


FR  • 
SW- 
MW- 
HW- 
XW- 


vw 
w 

MS 

s 

vs 


LOG  OF  BORING 


PLATE  A-IW/IO 


+70 


+30 


■10 


LUjZ 


(1%) 


SA 

(5%) 


PERM 
-SA- 

(2%) 


SA 
(5%) 


*SA 

mir 

SA 

PERM 
SA 

(34%) 


•104 
105 

•108 
104 

•  103. 
109 

-107- 
104 


-102- 
105 

-115 
110 


-117- 
108 


120 
1 18 


ATTERBERG 
LIMITS 


SHEAR  STRENGTH 
TEST  RESULTS 


LABORATORY 


<->£ 
a:  — 
O  UJ 

ct  UJ 

O  CE 


CS/CD-550C- 


DS/CD  630C 
OS/CD-650E 


cr"; 

2x 


-604C 


FIELD 


NOTES: 


U 
SPT 


U 
SPT 


U 
SPT 


U 
SPT 


U 
SPT 


U 
SPT 


TW 
SPT 


TW 
SPT 


83 
100 


89 
100 


89 
100 


89 

too 


28 
100 


89 


67  -- 


100 
56 


<5^ 


S9--28  - 


157 
124 

.100. 
3" 
120 
6" 
32 


151 
130 

M 

_100 
1  .5' 
120 

100 
5" 
-106 

105 
2" 
110 


1.  SAMPLING  RESISTANCE: 

U,  TW  AND  SPT  DRIVEN  WITH  A  140  POUND  HAMMER  FALLING  30" 

2.  ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED  ON  OFFICIAL 
CITY  GRADE. 


BORING  24 

DRILLED  4/4-5/78 


ELEVATION  +85' 


\3"  ASPHALT  CONCRETE 


BROWN  FINE  SAND  (DUNE  SAND) 
DENSE)   (SLIGHTLY  MOIST) 


(GRADING  MEDIUM  DENSE) 


(LOOSE  TO  MEDIUM 


(GRADING  DARK  BROWN,  SLIGHTLY  SILTY) 

(GRADING  BROWN,   LESS  SILTY) 
(GRADING  VERY  DENSE) 


(LENSE  OF  GRAY  FINE  SANDY  SILT) 
-(WATER  LEVEL  8/22/78) 


(TRACE  SILT) 


YELLOW ISH-8R0WN  SLIGHTLY  SILTY  MEDIUM  FINE  SAND 
WITH  OCCASIONAL   IRON  OXIDE  STAINING 
(VERY  DENSE)   (COLMA  "TJRMATION) 
(SILT  GRADING  TO  TRACE) 


YELLOWISH-BROWN  SILTY  MEDIUM  FINE  SAND 

.(VERY  DENSE)  

BROWN  SLIGHTLY  SILTY  VERY  FINE  SAND 
(VERY  DENSE) 


LOG  OF  BORING 

DAM  E  8  e  MOORE 


PLATE  A- IX 


+60 


+50 


+30 


+20 


■10 


•20 


-30 


-50 


OTHER  TESTS  8 
INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATE  (MIN./FT.) 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (%) 

SAMPLING  RESISTANCE 
(BLOWS/FT)  or(HYD.  PRESS..PSI) 

LABORATORY 

FIELD 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

NORMAL  OR  CONFINING 
PRESSURE  (PSF) 

PEAK  SHEAR 
STRENGTH (PSF) 

TORVANE  (PSF) 

PENETROMETER  (PSF) 

4 

109 

U-1 

100 

28 

1 1 
13 

112 
113 

U-1 

U-  1 
SPT 

50 
100 

52 

96 
53 

14 
14 

116 
112 

U-1 
U-1 

56 
100 

3"  " 
89 

91 

SA 

(1%) 

15 

110 

U-1 

U-1 

SPT 

17 

88 
73 

53 
6" 

95 

1 1  " 

50 
-  5,1  - 

96 
11" 
92 
11" 

PERM. 

SA 
(1%) 

18 

109 

DS/CU 

5000 

3120 

U-1 
U-1 

SA 
(2%) 

SA 
(1%) 

20 
23 

U-1 

U-  1 

SPT 

53 

6" 

50 
7+n 
55 
-6"  - 

SA 
(1%) 

SA 
(4%) 

23 
22 

109 

DS/CU 

7500 

5280 

U-1 

U-1 

GRAB 

50 
100 

64 
6" 
70 
6" 

SA 

M  7°/ ' 

PERM. 
SA 

(14%; 

19 

1  1 1 

OS/CU 

7700 

5160 

U-1 

U-1 
SPT 

100 

100 

89 

17 

75 
48 

SA 
SA 

(io%: 

PERM. 
SA 

(27%: 

19 
19 

1  1  1 
110 

DS/CL 

8200 

4380 

U-1 
U-1 

100 
80 

27 

50 
4" 

25 

103 

U-1 
U-1 

91 

75 

82 

1  1  2  " 

50 

6" 

22 
24 

104 
102 

U-1 
U-1 

73 

73 

50 
5" 

50 
5" 

27 

97 

U-1 

82 

50 
5" 

19 

109 

21 

47 

U-1 

100 

77 

17 

113 

U-1 
U-1 

100 
45 

81 

60 
5" 

20 
22 
19 

18 

1! 

U-1 

NX 

NX 

0 

100 
100 

100 
1 11 

17 
IS 

Is 

NX 

100 

NOTES: 


BORING  25 

DRILLED  7/10-12/78 


SM 


SC 


ELEVAT ION  +99' 


. ASPHALT IC  CONCRETE 


GRAY- BROWN  SLIGHTLY  S I LTY 
(F  ILL)  


FINE  SANDY  GRAVEL 


BROWN  FINE  SAND  ( DUNE  SAND) 
(GRADING  MEDIUM  DENSE  @  Si') 
(GRADING  TO  DENSE) 


(GRADING  TO  VERY  DENSE) 


(GRADING  DARK  GRAY  AND  BROWN) 
-(WATER  LEVEL   IN  LOWER  PIEZOMETER,   BOTTOM  AT 
+19',    11/15/78.  SEAL  AT  31';   PIEZOMETER  MAY 
BE  PLUGGED  UP) 


(BOTTOM  OF  UPPER  PIEZOMETER  £  42',  DRY) 


(GRADING  S I LTY ) 


BLACK  SANDY  CLAYEY  SILT  (COLMA  FORMATION) 

(GRADING  ORANGE  BROWN)  

BROWN  S I LTY  FINE  SAND  (MEDIUM  DENSE) 


(GRADING  TO  VERY  DENSE) 
(TRACE  OF  GRAVEL) 

(GRADING  DARK  RED-BROWN  WITH  SLIGHT  IRON 

OXIDE  CEMENTATION) 
(SLIGHT   IRON  OXIDE  CEMENTATION) 


(SLIGHT  CEMENTATION) 


BROWN  FINE  SAND  WITH  TRACE  OF  SILT  (VERY 
DENSE) 


GRAY  AND  BROWN  SANDY  CLAY   (HARD ) 


LIGHT  GRAY  AND  BROWN  CLAYEY  FINE  SAND  WITH 
SOME  SILT,    I  RON  OXIOE  STAINING    VERY  DENSE) 


BROWN  SILTY  FINE  SAND  WITH  SOME  ROCK 
FRAGMENTS   (VERY  DENSE ) (COLL UV I UM) 


LIGHT  GRAY  BROWN  GRAYWACKE   (FRANCISCAN  BEDROCK ) 
FINE-GRAINED,  MASSIVE.  RQD  =  0  TO  25. 
MODERATELY  WEATHERED,  STRONG.  CLAY  COATED 
FRACTURES. 

(GRADING  MODERATELY  STRONG) 


1 .  SAMPLING  RES  I  STANCE: 

SPT  DRIVEN  BY  140#  HAMMER  FALLING  30" 
U  DRIVEN  BY  265#  SLIPJARS  FALLING  18" 

2.  ELEVATION  REFER  TO  S.F.  DATUM  AND  ARE  BASED  ON  OFFICIAL  CITY  GRADE 

3.  SEE  THE  FOLLOWING  GEOLOGIC  LOGS  FOR  A  MORE  DETAILED  DESCRIPTION 
OF  THE  BEDROCK 


LOG  OF  BORING 


PLATE  A-IY 


CLIENT :  CITY  S  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 
PROJECT:    RICHMOND  TRANSPORT  SEWER 


BORING  NO. 


25 


DRILLING  METHOD  • 


ROTARY  WASH  (  FAILING  750) 


LOCATION 


26TH  AVE.  /  EL  CAMINO  DEL  MAR 


ELEV. . 


99 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  !  


90c 


OF 


ROCK 
TYPE 


OS 

-3 

I 

<J  LiJ 


5 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE  .TEXTURE , 
MINERALOGY,  BEDDING /FOLIATION,  ETC.) 


O 

<  _j 

CD 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


3  K 


O 


Old 

—  I- 

3 


tr  5 

Q  — 


REMARKS 


LIGHT  GRAY  BROWN  FINE 
SAND  S IZE  MATERIAL. 
MASS IVE. 


CP=10700  PSI  -  D 


CP=3100  PSI  -  D 


MODERATELY 
FRACTURED  WITH 
SANDY  S I LT 
COAT INGS 


144 


MEDIUM  TO  DARK  BLUE  GRAY 
FINE  SAND  SIZE  MATERIAL. 
MASS IVE. 


146 


SLIGHT  TO 
MODERATELY 
FRACTURED  WITH 
A  FEW  CLAY 
—  FILLINGS 


•48- 


100 


CP=2200  PSI  -  D 


148 


MOST  FRACTURES 
ROUGH 


50 


: 


CP=1100  PSI  -  A 


FEW  CALC ITE 
VE INLETS 


CLAY  FILLINGS. 


100 


20 


2C 


RUN  t!\ 
DP=0  PS  I 
DIAMOND  BIT 


RUN  §2 
DP=0  PSI 
DIAMOND  BIT 


RUN  £3 
DP=0  PSI 


FR  J 
SW- 
MW- 
HW— 
XW- 


vw 
<—  w 

MS 

S 

vs 


LOG  OF  BORING 


PLATE  A-IY/I 


+90 


+70 


+60 


+50 


+40 


+30 


+20 


+  10 


-20 


PERM 

SA 
(5%) 

SA 
(1%) 


SA 
(31% 


PERM 

SA 
(15% 

SA 
(10% 


SA 
(7%) 


SA 

(4%) 


SA 
(4%) 


14 


14 


19 


24 


116 


119 


ATTERBERG 
LIMITS 


SHEAR  STRENGTH 
TEST  RESULTS 


LABORATORY 


z 
z 

§1 

IE  — 
O  UJ 

<I  — > 

~  m 
cc  UJ 
o  cr 


DS/CU5700 


DS/CU 


ps/cu 


7000 


4720 


CO 

2x 


6310 


FIELD 


U-1 
U-1 


U-1 
U-1 


U-1 


U-1 
U-1 


U-1 


U-1 
U-1 


33 


67 


78 
100 


100 


100 


100 

33 


50 


40 


20 


90 


70 
100 


100 

80 
100 
100 


So 


£5 


56 


56 


90 


38 


BORING  26 

DRILLED  7/25-28/78 


BE 


_ 


SM 


ELEVAT I  ON  +1( 


ASPHALTIC  CONCRETE 


LIGHT  GRAY  BROWN  S I LTY  SANDY  GRAVEL  (FILL) 
DARK  GRAY- BROWN  FINE  SAND  (DUNE  SAND) 


(GRADING  DENSE) 


(GRADING  VERY  DENSE) 


(UPPER  PIEZOMETER,  BASE  AT  +65',  DRY) 
(GRADING  DARK  BROWN) 


BROWN  SI LTY  FINE  SAND  (C0LMA  FORMAT  ION) (DENSE 
(GRADING  REDDISH  BROWN,    IRON  OX  IDE  MOTTLING) 

— (WATER  LEVEL  11/15/78]  LOWER  PIEZOMETER  BASE 
— (WATER  LEVEL     8/2/78    J  AT  -12',  SEAL  AT  +S3 ' ] 


(GRADING  LESS  SILTY.  PARTIALLY  CEMENTED) 
(GRADING  LESS  SILTY,   PARTIALLY  CEMENTED) 


(GRADING  DARK  REDDISH  BROWN,  PARTIALLY 
CEMENTED) 

(WEAK  IRON  OXIDE  CEMENTATION  IS  PERVASIVE 
ENOUGH  TO  ALLOW  CORING) 


(GRADING  WITH  ALTERNATING  LENSES  OF  SILT, 
SLIGHT  TO  MODERATE  CEMENTATION  WITH  IRON 
OX  IDE) 


LIGHT  TO  MEDIUM  BROWN  AND  GRAY  SILTY  CLAYEY 
FINE  SAND  WITH  ROCK  FRAGMENTS  (COLLUVIUM) 

(GRADING  FEWER  ROCK  FRAGMENTS) 


(GRADING  8LUE-GRAY,  WITH  SANDSTONE  FRAGMENTS  ) 


GRAY  GRAYWACKE   (FRANCISCAN  BEDROCK)  WITH  FEW 
BLACK  SHALE  PARTINGS,  HIGHLY  WEATHERED.  WEAK 
(GRADING  WITH  BLACK  SHALE    INTERBEDS,  HIGHLY 
WEATHERED,  WEAK.  RQD  =  0,  EXTREMELY 
FRACTURED) 

(GRAY  GRAYWACKE ,  MODERATELY  WEATHERED,  WEAK 
TO  MODERATELY  STRONG,  MODERATELY  FRACTURED 
RQD  =  35  


1.  SAMPLING  RESISTANCE: 

U  DRIVEN  WITH  265#  SLIPJARS  FALLING  18" 

2.  ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED  ON  OFFICIAL  CITY  GRADE. 

3.  SEE  FOLLOWING  GEOLOGIC  LOG  FOR  A  MORE  DETAILED  DESCRIPTION  OF  THE  BEDROCK. 


LOG  OF  BORING 

DAMES  B  MOORE 


PLATE  A-IZ 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 

RICHMOND  TRANSPORT  SEWER  

ROTARY  WASH  (NX -CORING)  WITH  REVERT  SLURRY 


CLIENT: 
PROJECT: 

DRILLING  METHOD:. 
LOCATION  EL  CAMINO  DEL  MAR  NEAR  27th.  AVE. 


BORING  NO. 


26 


ELEV. 


108 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  !  


90° 


OF 


ROCK 
TYPE 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


LIGHT  ORANGE  BROWN  FINE 
GRA I  NED  S ILTY  SANDSTONE 


GRADING  TO  LIGHT  BROWN 


SAME 


FEW  THIN   INTERBEDS  OF  VERY 
DARK  GRAY  S I LTSTONE  BELOW  126 
HIGHLY  BRECC I ATED 


BLACK  S I LTSTONE  INTERBED 


CP=8500  PSI 


GRADING  LESS  WEATHERED 
-CP=7600  PSI  -  A 


FEW  CALCITE  VEINLETS 


CP=4200  PSI  -  D 


CP=4900  PSI  -  D 
CP=2600  PSI  -  D 


127 


129 


26  — 


-28- 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC.)  


MODERATELY 
FRACTURED 
WITH  FEW  CLAY 
COAT INGS. 
MOST  FRACTURES 
ARE  ROUGH 


3  cr 


o 


MODERATELY 
HIGHLY 
FRACTURED 
GRAYWACKE 
WITH  MINOR 
HEALING  BY 
I  RON  OX  I DE 


. SHEAR  ZONE 
EXTREMELY 
FRACTURED 
S  I  LTSTONE, 
LOW 

SUSCEPTIBILITY 
TO  SLAKING 


SHEAR  ZONE 


I  RON  OX  I DE 
STAINED 
FRACTURES 
-SOME 
SLICKENS IDED 
CHLORITE 
MINERALS 

SHEAR  ZONE 
WITH  CLAY 
MATRIX 
H  IGH 

SUSCEPTIBILITY 
TO  SLAKING   


ORIENTED 
CHLORITE 
Ml NERALS 


SHEAR  ZONE 
WITH  SOME 
CLAY  MATRIX 


LOG  OF  BORING 


< 

tr  „ 

CO 
Old 
Zh 

"~  3 
z 
trs 

Q  ■ — 


REMARKS 


RUN  »7 
DP=0  PS  I 


RUN  "8 
DP=0  PS  I 


RUN  =9 
DP=0  PS  I 
DIAMOND  BIT 


DP=150  PSI 


TERMINATION  OF  BORING 
AT  ELEVATION  -31.5 
DEPTH   IS  139,5 
DAM  KB  B  MOORE 


PLATE  A-IZ/I 


+  130 


+  120 


+  110 


+70 


+60 


+50 


+40 


+20 


HO 


■10 


OTHER  TESTS  8 
INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATE  (MIN./FT.) 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (%) 

SAMPLING  RESISTANCE 
(BLOWS/FT)  or(H  YD.  PRESS..PSI) 

LABORATORY 

FIELD 

LIQUID  LIMIT 

,  PLASTIC  LIMIT 

TYPE  OF  TEST 

NORMAL  OR  CONFINING 
PRESSURE (PSF) 

PEAK  SHEAR 
STRENGTH (PSF) 

TORVANE  (PSF) 

PENETROMETER  (PSF) 

18 

105 

GRAB 
GRAB 
GRAB 
U-1 

89 

20 

23 

104 

U-1 

100 

35 

18 

6 

107 
144 

50 

28 

TX/CU 

2150 

1350 

U-1 
U-1 

100 
100 

41 
71 

1 3 

29 

20 

U-1 

50 

66 
6" 

U-1 
GRAt3 

0 

100 
6" 

SWELL 
SWELL 

*  1  1 

*  10 

128 
131 

28 
28 

17 
17 

TX/CL 
TX/CU 

8640 
8640 

6050 
3490 

T 

NX 

100 

SWELL 

*  9 

126 

30 

18 

TX/CU 

21600 

4460 

ijt 

I 

NX 
NX 

100 
100 

SWELL 

*  13 

124 

28 

17 

TX/CU 

36000 

6450 

ii 
n 

\i 

12 

It 

NX 
NX 

40 
100 

X 

14-  IS 

NX 
NX 

100 
100 

18 

JL 

40 

T 

14 

NX 

NX 

-NX  " 
NX 

-NX  - 

NX 

-NX  - 
NX 

NX 

100 
60 

4- 

22 

f 

20 

-100 
100 

_80 

+ 

24 

+ 

28 

100 
-100- 

n 

H 

20 

100 
100- 

BORING  27 

DR  ILLED  7/13-25/78 


ELEVATION  +149 


ASPHALT  I C  CONCRETE  2",  CO, CRETE  4"   

DARK  BROWN-GRAY  FINE  SAND  ( DTjNE~  SAND")  T/F  ILL) 


BROWN  SILTY  FINE  SAND  WITH  RED-BRO.N  MOTTLING 
(COLMA  FORMAT  I  ON ) (MED  I UM  DENSE) 
—  (WATER  LEVEL.    I  1/15/78)   


DARK  YELLOW-BROWN  CLAYEY  FINE  SAND  WITH  ORANGE 
IRON  OXIDE  MOTTLING  AND  TRACE  OF  BLACK 
DECAYED  VEGETATION  (DENSE) 


DARK  GRAY  TO  BLACK  SHALE.   HIGHLY  BRECC IATED, 
IN  DARK  GRAY  CLAY  MATRIX;  MODERATELY 
WEATHERED ;  WEAK;  WITH  CLASTS  OF  S I LTSTONE . 
GRAYWACKE  AD  SERPENTINE. 
(HIGH  SUSCEPTIBILITY  TO  SLAKING) 


GRAY  TO  BLACK  SILTSTO"E,   BRECC  IATED.  WITH 
BLACK  SL ICKENS IDED  SHALE   I  NTERBEDS .  SLIGHTLY 
WEATHERED,   MODERATELY  STRONG. 


GRAY  GRAYWACKE 
SHEARED  SHALE 
STRONG. 

(SHEAR  ZONE  AT  EL 


OCCASIONAL  CALCITE  VE INLETS. 
INTERBEDS  SLIGHTLY  WEATHERED. 


+34'  ) 


4. 


SAMPLING  RESISTANCE: 

U  DRIVEN  BY  265#  SLIPJARS  FALLING  21" 
ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED 
ON  NEARBY  SURVEYED  BENCH  MARKS. 

REFER  TO  FOLLOWING  GEOLOGIC  LOGS  FOR  A  MORE  DETAILED 
DESCRIPTION  OF  THE  BEDROCK. 

*SWELL  TESTS  AND  CLAY  MINEROLOGY  TESTS  


LOG  OF  BORING 


DAMES  R  MOORI 


PLATE  A-IAA 


CLIENT: 
PROJECT: 


CITY  8  COUNTY  OF  SAN  FRANCISCO  (D&M  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


BORING  NO.. 


27 


DRILLING  METHOD: 


ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


LOCATION 


EL  CAMINO  DEL  MAR  NEAR  30th.  AVE. 


ELEV. 


149 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  !  


90° 


OF 


ROCK 
TYPE 


tr 

Ixl 


-,LU 


*I2 


SHALE 

BRECC IATED 


FR 
SW 
MW 

HW- 
XW 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


DARK  GRAY  TO  BLACK  HIGHLY 
BRECC IATED  AND  SHEARED, 
WITH  SAND  TO  GRAVEL  S IZED 
CLASTS  OF  S I LTSTONE  AND 
GRAYWACKE 


SOME  CLASTS  OF  SERPENTINE 


!J 


I  L  vw 
I—  w 

—  MS 

—  S 

—  vs 


72  — 


80 


68  — 


66  — 


84 


64 


86 


as* 


100 


'S  ioo 


Sj  ioo 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


SHEAR  ZONE 


MADE  COHES IVE 
BY  CLAY  MATRIX 


SLICKENS IDED 
.SHALE,  HIGH 
SUSCEPT I B I L ITY 
TO  SLAKING 


MODERATE 
.SUSCEPTIBILITY. 
TO  SLAKING 


SL ICKENS IDED 
.SHALE.   HIGH  _ 
SUSCEPTIBILITY 
TO  SLAKING 


oo-o 
K 

I   4  16  64 


31 


REMARKS 


RUN  #1 
DP=0  PS  I 
DIAMOND  BIT 


RUN  il 
_DP=0  PS  I 


RUN  *3 
DP=0  PS  I 


1.5'  TR I  CONE  DRILLING 


LOG  OF  BORING 


PLATE  A-IAA/I 


CLIENT : 
PROJECT: 
DRILLING  METHOD: 

LOCATION 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 


BORING  NO. 


27 


RICHMOND  TRANSPORT  SEWER 


ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


EL  CAMINO  DEL  MAR  NEAR  30th.  AVE. 


ELEV. 


149 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  ?  


90° 


OF 


ROCK 
TYPE 


SHALE 

BRECC IATED 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR , GRAIN  SIZE.TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


4"  SERPENTINE  CLAST 


1"  SERPENTINE  CLAST 


S I LTSTONE 
BRECC IATED 


R^ 
W— 1 


s 

MW 

HW- 

xw 


1"  STRINGER  OF  BRECC IATED 
GREENSTONE 


GRAY  TO  BLACK  BRECC IATED 
SILTSTONE  WITH  BLACK 
SLICKENS  IDED  SHALE 
INTERBEDS  AND  LAMINATIONS 


T  LV# 

|L-w 

I   MS 


58  — 


56  — 


54  — 


■ft? 


52  —m 


48  —m 


 J 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC.)  


75  5025  I   4  1664 


SHEAR  ZONE 
SLICKERS IDED 
SHALE,  HIGH 
SUSCEPTIBILITY 
TO  SLAKING 


MADE  COHESIVE 
BY  CLAY  MATRIX 


20 


MADE  COHES IVE 
BY  CLAY  MATRIX 


REMARKS 


RUN  #5 
DP=0  PS  I 


1  I   TRICONE  DRILLING 


SL ICKENS IDED 
SHALE 
FRACTURES , 
HIGH 

SUSCEPTIBILITY 
TO  SLAKING 


RUN  "6 
DP=100  PS  I 


RUN  -7 


■  S 
•  VS 


LOG  OF  BORING 


DAMI8  e  MOORE 


PLATE  A-IAA/2 


CLIENT: 

PROJECT: 

DRILLING 

LOCATION 


CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03)  

RICHMOND  TRANSPORT  SEWER  

METHOD  :          ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 
EL  CAMINO  DEL  MAR  NEAR  30th.  AVE.   F|  EV  149 


BORING  NO. 


27 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  ?  


90° 


OF 


ROCK 
TYPE 


-3 


5 


S I LTSTONE 
AND  SHALE 
BRECC I ATED 


GRAYWACKE 


FR 
SW 
MW 

HW- 
XW 


3 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


PREDOMINANTLY  BRECC IATED 
SHALE 


GRAY,  MEDIUM  GRAINED,  WITH 
OCCASIONAL  CALCITE  VE INLET 
AND  SHEARED  SHALE  INTERBED, 
NO  APPARENT  BEDDING 

BRECC I ATED  SHALE  INTERBED 


BRECC IATED  SHALE  INTERBED 


BRECC IATED  SHALE  INTERBED 


SHALE   INTERBEDS  GRADING  OUT 


L  VW 
l—  w 
MS 

S 

vs 


40— ag; 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


SHEAR  ZONE 


HIGHLY  SHEARED 
SLICKENS IDED 
SHALE.   HIGH  — 
SUSCEPTIBILITY 
TO  SLAKING 


SLICKENS IDED 
HIGH 

SUSCEPTIBILITY 
, TO  SLAKING  _ 

NUMEROUS 
SLIGHTLY 
HEALED 
FRACTURES 


75  50  25  I   4  16  64 


SLICKENS IDED 
SHALE,  HIGH 
S  USCEPT I  8  I L I TY 
TO  SLAKING 


CALC ITE 
VE INLETS 
  ABUNDANT 


ROUGH 

FRACTURE 

SURFACES 


HIGHLY  FRACTURED] 
SOME  HEALED  BY 
CALCITE.  MANY 
CLOSE  TO  CORE 
AX  IS  


LOG  OF  BORING 


REMARKS 


RUN  -1  (CONT. ) 
DP-0  PS  I 


HOLE  TEi.DS  TO 
CAVE ,   REAM  WITH 
TRIGONE 


RUN  "8 
DP=0  PS  I 


BLOCKED 


RUN  #10 
DP=0  PS  I 
DIAMOND  NX 


BIT 


RUN  *1 | 
DP-0  PS  I 


PLATE  A-IAA/3 


CLIENT !     CITY  a  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  Mp-mnn.-       ROTARY  WASH  (NX- CORING)  WITH  REVERT  SLURRY 


BORING  NO.. 


27 


LOCATION 


EL  CAMINO  DEL  MAR  NEAR  30th.  AVE. 


ELEV. 


149 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  *  


90° 


OF 


ROCK 
TYPE 


zo 
E.-J 

LLS 
I 


5 

xQ 


GRAYWACKE 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION .  ETC.) 


FR 
SW— 1 
MW 
HW 

xw 


I 


CP=37500  PSI  -  C 


CP=2500  PSI  -  D 


CP=25400  PSI  -  D 


CP=13600  PSI  -  D 


CP=I7300  PSI  -  A 


CP=220O0  PSI  -  D 


VW 

W 

MS 

s 

vs 


128 


20- 


134 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


HIGHLY  FRACTURED, 
SOME  HEALED  BY 
CALC ITE  VE INLETS 


SOME  SAND 
.COATED 
FRACTURES  IN 
SHEAR  ZONE 


UPPER  2> 

MODERATELY 

FRACTURED  WITH 

MOST  REHEALED, 
_FEW  CALC ITE 
"VE INLETS 


SLIGHTLY 
FRACTURED. 


REHEALED 


LOG  OF  BORING 


REMARKS 


RUN  #11  (CONT. 
DP  =  0  PS  I 


TRICOt.E  REAM  TO  126' 


RUI,  #12 
DP=0  PS  I 
DIAMOND  NX  BIT 


RUN  #13 
DP=0  PS  I 


RUN  #14 
OP-0  PS  I 


PLATE  A-IAA/4 


CLIENT :     CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  MFTHon :       ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


BORING  NO. 


ANGLE  FROM 
HORIZONTAL  . 


27 


90° 


LOCATION 


EL  CAMINO  DEL  MAR  NEAR  30th.  AVE. 


ELEV. . 


149 


PAGE. 


OF 


ROCK 
TYPE 


or 


5 


GRAYWACKE 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION,  ETC.) 


CP=27000  PSI 


CP=12000  PSI  -  D 


CP=8800  PSI  -  A 


146 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE, ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  ' 


SOME  MECHANIC; 
BREAKAGE 


FEW  CALCITE 
VE INLETS 


lli 

00.0 
K 

I   4  16  64 


< 

(/) 

—  p 
_  3 
JZ 

CCS 
Q  — 


SAME 


REMARKS 


RUN  «I4  (CONT. ) 
DP«0  PS  I 


RUN  *15 
DP=0  PS  I 


RUN  =16 
DP=0  PS  I 


TERMINATED  BORING 
AT  ELEVATION  -2 
DEPTH   IS  151' 


FR 
SW— ' 
M* 

HW- 

xw- 


vw 
w 

MS 

s 

vs 


LOG  OF  BORING 


PLATE  A-IAA/5 


+300 


+290 


+280 


So 


ATTERBERG 
LIMITS 


SHEAR  STRENGTH 
TEST  RESULTS 


LABORATORY 


Ouj 

~  CO 

q:  uj 
o  tr 


<  cr 

Wi- 
ll. CO 


FIELD 


+  10 


.32. 


Jl 


SPT 


100 


30 


100" 
80 
100 
100 


1.  SAMPLING  RESISTANCE: 

SPT  DRIVEN  WITH  140#  HAMMER  FALLING  30" 

2.  ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED  ON  CONSTRUCTION 
DRAWINGS  FOR  THE  LEGION  OF  HONOR  FOUNTAIN,  APPROXIMATE  800' 
AWAY. 

3.  SEE  FOLLOWING  GEOLOGIC  LOGS  FOR.  A  MORE  DETAILED  DESCRIPTION 
OF  THE  BEDROCK. 

4.  THE  EXCELLENT  CORE  RECOVERY  IS  NOT  INDICATIVE  OF  SOUND  ROCK 
CONDITIONS,  BUT  RATHER  EXEMPLARY  SKILL  AND  CARE  ON  THE  PART 
OF  THE  DRILLER. 


CO 
CO 
U  UJ 

o  cr 
z  Q- 

CO  — 


<  m 


m3s 


BORING  28 

DRILLED  7/5/78 


ELEVATION  +303' 


SM 


BROWN  FINE  SAND  (DUNE  SAND ) 


(DENSE) 


-(WATER  LEVEL,    10/9/78,  ll/IS/78) 


brown  silty  fine  sand  with  trace  of  clay 
u^IIWluT™"  '  


(DARK  GREEN  SERPENTINE   INCLUSION,  CALCITE 
VEINING,  MODERATELY  WEATHERED,  MODERATELY 
STRONG) 

( I NTERBEDDED  SHALE  AND  GRAYWACKE  INCLUSION) 

(8LACK  SHEARED  SHALE  MATRIX  HAS  SL I CKENS I DED 
SURFACES,  HIGH  SUSCEPTIBILITY  TO  SLAKING, 
INCLUSIONS  OF  SHALE,  GREENSTONE,  GRAYWACKE, 
AND  SERPENTINE  ARE  SAND  TO  COBBLE  SIZED) 


(GREENSTONE  INCLUSION) 

(SHALE  AND  S I LTSTONE  INCLUSION) 


LOG  OF  BORING 


DAMES  e  MOORE 


PLATE  A-IAB 
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CLIENT  = 

PROJECT: 

DRILLING 

LOCATION 


CITY  8  COUNTY  OF  SAN  FRANCISCO  (DQM  JOB  185-131-03)  

RICHMOND  TRANSPORT  SEWER  

METHOD :       ROTARY  WASH  (NX- CORING)  WITH  REVERT  SLURRY 
 LINCOLN  PARK  ELEV.  303 


BORING  NO. 


ROCK 
TYPE 


MELANGE 


Si 


xQ 


-Ar- 
"4- 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR  , GRAIN  SIZE  .TEXTURE , 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


BLUE-GRAY  S I LTSTONE  FRAGMENTS 
GREEN  TO  RED-BROWN,  SMALL 
FRACTURES  OR  VOIDS  INFILLED 
BY  CLAY,   CALCITE  AnD  ROCK 
.FRAGMENTS.  _ 
NUMEROUS  CALCITE  VEINS 


PREDOMINANTLY  RED-BROWN,  FINE 
GRAINED  GREENSTONE  WITH  MINOR 
CALCITE  VEINING 
-CP=1100  PSI  -  A 


HIGHLY  WEATHERED  GREENSTONE , 
BLUE-GRAY  SI LTSTONE,  BLACK 
SHALE  AND  QUARTZ  FRAGMENTS 
FROM  SAND  TO  COBBLE  SIZE  IN 
A  LIGHT  BROWN  CLAYEY 
SILT  MATRIX 


LOG  OF  BORING 


PLATE  A-IAB/I 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


CLIENT: 
PROJECT: 

DRILLING  MFTHnn :       ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


BORING  NO. 


28 


LOCATION 


LINCOLN  PARK 


ELEV. 


303 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  ?  


90° 


OF 


ROCK 
TYPE 


-3 

I 


3 

xQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR  , GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


SHALE-S I LTSTONE 
GRAYWACKE 
MELANGE 


SHALE-S ILTSTONE| 
GRAYWACKE 
MELANGE 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


75  5025 
I   I  I 


I   4  16  64 


98 


MATRIX  SUPPORTED  SAND  TO  — 
PEBBLE  SIZE  CLASTS  OF  MEDIUM 
TO  DARK  GRAY  SI LTSTONE  AND 
GRAYWACKE.  MATRIX    IS  BLACK 
AND  CLAY-RICH. 

SAND  TO  GRAVEL  SIZE  GRAYWACKE 
AND  SI LTSTONE   IN  A  MEDIUM  TO 
DARK  GRAY  CLAY-SILT  MATRIX 


HIGHLY  FRACTURED,   MEDIUM  GRAY 
FINE  GRAINED  GRAYWACKE. 
FRACTURES  HAVE  BEEN  FILLED  BY 
CLAY. 


SHALE  MELANGE,  PEBBLE  SIZE 
FRAGMENTS 


RELATIVELY  FRESH,  COARSER 
GRAINED,   DARK  GREENISH  GRAY 
-GRAYWACKE  MINOR  CALCITE 
VE INING 


S ILTY  SHALE  SEAM 

SAND  TO  COBBLE  SIZE  MEDIUM 
GRAINED  GRAY  GRAYWACKE  AND 
SILTSTONE  CLASTS    IN  A  S I LTY  — 
SHALE  MATRIX,   MINOR  IRON 
STAINING  AND  CALCITE  VEINING 


IRON  STAINING  COMMON 


HIGHLY  WEATHERED  AND  FRACTURED 
MEDIUM  GRAY,   FINE  TO  MEDIUM 
GRAINED  GRAYWACKE.  MORE 
WEATHERED,  MORE  FRACTURED  AND 

.FINER  GRAINED  IN  LOWER  PORT  LOU 
OF  CORE. 

-C?=WOO  PSI  -  D 


CLAY-S I LTSTONE  SEAM  IRON 
STAINING  COMMON 


2  08 


94 


210 


212 


vw 
w 

MS 

s 
vs 


•  220 


3* 


s  _ 


75 


1  DO 


CLAY  INFILLING 
OF  FRACTURES 


CLAY  INFILLING 
OF  FRACTURES 
ASSUMED  LOSS  IN 
MELANGE 

RELATIVELY 
UNFRACTURED 


SL ICKENS IDED 
SURFACES 


HIGH 

SUSCEPTIBILITY 
'TO  SLAKING 


_ASSUMED  LOSS  AT_ 
BOTTOM  OF  CORE 
RUN 


CLAY  INFILLING  OF 
FRACTURES 


REMARKS 


7.2  FEET  TRICONE 
DRILLI..G  COST. 


RUN  *5 


RUN  ■-£ 


RUN  »7 


DP-0  PS  I 


LOG  OF  BORING 


PLATE  A-IAB/2 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (D&M  JOB  185-131-03) 


RICHMOND  TRANSPORT  SEWER 


CLIENT : 
PROJECT: 

DRILLING  MFTunn.-  ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 
LOCATION  LINCOLN  PARK 


BORING  NO.. 


28 


ELEV. 


303 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  5  


90° 


OF 


ME  LANGE 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


LESS  MATRIX-MORE  FRACTURED 
GRAYWACKE 


HIGHLY  WEATHERED  SAND  TO 
COBBLE  SIZE  CLASTS  OF  GREEN- 
STONE, GRAYWACKE  AND  SILTSTONE 
IN  A  DARK  GRAY  TO  BLACK  SHALE 
MATRIX 


SHALE  SEAM 


IRON  STAINING  COMMON-SMALLER 
CLAST  S IZE,   MORE  MATRIX 


RELATIVELY  FRESH,  COARSER 
GRAINED,  DARK  GRAY  GRAYWACKE 


CLAST  ARE  MORE  ROUNDED 


RELATIVELY  FRESH,  COARSER 
GRAINED,  MEDIUM  TO  DARK  GRAY 
GRAYWACKE 


CP=9500  PSI  -  D 


CP=4600  PSI  -  D  CP=4100  PSI 


(IGHLY  WEATHERED,  PERVASIVELY 
SHEARED,  SERPENT  I N I T I C 
MELANGE 


I  jE 

Ld  Q- 
_J  UJ 
LlI  q 

■220 


82 


80 


3 


78 


ssss 

5SSc 

Sc  - 


76  — 


223 


230 


232 


FR  JTT 

TP-  vw 

sw— 1 

1—  w 

MW  1 

1  MS 

HW  

1  s 

xw  

i  vs 

-236 
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si 
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4< 
& 
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SSS< 


'is 
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UJ 
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100 


65 


i  00 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


HIGH 

SUSCEPTIBILITY 
TO  SLAKING 


MINOR  CALC ITE 
VEINING 


MINOR  AMOUNT  OF 
CLAY  FILLING  IN 
FRACTURES 


:ALCITE  VEINING 


HIGHLY  SHEARED 
WITH  SL I CKENS I DED 
SURFACES 


7550Z5  I   4  1664 


< 

CO 
Olii 

31 

Q  ■ — 


.  3 


2  0 


2E 


REMARKS 


RUN  #7  CONT'D 


RUN  #8 


RUN  #9 


RUN  #10 
DP-0  PSI 


DP=200  PSI 


_RUN  *I1 
DP=200  PS  I 


RUN  *12 


LOG  OF  BORING 


PLATE  A-IAB/3 


CLIENT:     CITY  S  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 


BORING  NO. 


PROJECT: 


DRILLING  METHOD 


RICHMOND  TRANSPORT  SEWER 


ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


LOCATION 


LINCOLN  PARK 


ROCK 
TYPE 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY ,  BEDDING /FOLIATION.  ETC.) 


ME LANGE 


SAND  TO  COBBLE  SIZE  CLASTS 
OF  RED  TO  GREEN  GREENSTONE, 
BLACK  SHALE  AND  GRAYWACKE 
IN  A  GREENSTONE-SHALE  MATRIX. 
MINOR  CALCITE  VEINING. 


*10RE  ROUNDED,  SMALLER  CLASTS 

GRADES  TO  PREDOMINANTLY 
GRAYWACKE-SHALE  MELANGE,  LESS 
WEATHERED 


FOLIATION  AT  80' 


RED  TO  RED-BROWN,  FINE  GRAINED 
GREENSTONE  BRECCIA 


SHALE  SEAM 


MODERATELY  WEATHERED,  LIGHT 
TO  MEDIUM  GRAY  GRAYWACKE  WITH 
NUMEROUS  CLAY  FILLED  FRACTURES 


LOG  OF  BORING 


PLATE  A-IAB/4 


CLIENT : 
PROJECT: 
DRILLING  METHOD; 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 


RICHMOND  TRANSPORT  SEWER 


BORING  NO. 


ROTARY  WASH  (NX- CORING)  WITH  REVERT  SLURRY 


ANGLE  FROM 
HORIZONTAL  - 


28 


90° 


LOCATION 


LINCOLN  PARK 


ELEV. 


303 


PAGE. 


OF 


MELANGE 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY ,  BEDDING /FOLIATION,  ETC.) 


HIGHLY  SHEARED;  PREDOMINANTLY 
BLACK  SHALE  AND  GRAYWACKE 
MELANGE 


GREENSTONE  CLAST  0.2  INCHES 
IN  DIAMETER 


COARSE  GRAINED  GRAYWACKE 
CLAST  0.2   INCHES   IN  DIAMETER 

RICH   IN  GREENSTONE  CLASTS- 
FOL I  AT  I  ON  AT  80° 


5  f 
LU  Q- 


J  Q 

■252 


50 


%< 


254 


4SS 


256 


ssss 


46  - 


44 


260 


RELATIVELY  FRESH,  MEDIUM  TO 
COARSE  GRAINED,   DARK  GRAY 
GRAYWACKE 
-CP=13300  PSI  -  D  CP=5100  PSI  -  A 


RED- BROWN  TO  GREEN  GREENSTONE 
BLACK  SHALE  AND  DARK  GRAY 
GRAYWACKE   IN  A  SHEARED 
SERPENTINE  MATRIX 
-CP=1000  PSI  -  D 


262 


266 


36 


■  268 
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ssss, 
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ss 
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DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC.)  


65 


30 


NUMEROUS 
SLICKENS  IDE 
SURFACES 


LOCAL  CALC ITE 
VEINING 


NUMEROUS 
SL I CKENS IDE 
SURFACES 


SLICKENS IDE 
SURFACES 


ID 
UJ 

i_ 

3  K  a 

< 

a. 
u. 

I   4  16  64 


to 

21- 

31 


II 


32 


REMARKS 


RUN  #19  CONT'D 


29 


23 


23 


26 


26 


RUN  #20 


RUN  #21 


LOG  OF  BORING 


PLATE  A-IAB/5 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


CLIENT: 
PROJECT: 

DRILLING  MFTunn :       ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


BORING  NO.. 


28 


LOCATION 


LINCOLN  PARK 


ELEV. 


303 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  §  


90e 


OF 


ROCK 
TYPE 


MELANGE 


FR  ■ 
SW- 
MW- 
HW- 
XW- 


DESCRIPTION 
OF 

ROCK  MATERIAL 

COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


CLAST  SIZE  LESS  THAN  0.2 
INCHES 


MODERATELY  FRESH  GRAYWACKE 
CLAST 


HIGHLY  WEATHERED  SERPENT  I N IT  I C 
MATRIX  MELANGE  WITH  GREENSTONE 
SHALE  AND  GRAYWACKE  CLASTS 


CONTORTED  AND  BRECC I ATED 
INTERLAYERED  BLACK  SHALE 
MEDIUM  GRAY,  MEDIUM  GRAINED 
GRAYWACKE 
-CP=3800  PSI  -  D 


RED- BROWN  GREENSTONE  CLASTS 


270 


30  — 


276 


24 


22 


282 


VW 
w 

'  MS 

•  S 

•  VS 


-284 


ssss$ 


30 


65 


95 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING.  ETC.)  


32 


75  50  25  I   4  16  64 


SL  ICKENS  IDE 


MODERATE  TO  HIGH 
SUSCEPTIBILITY 
TO  SLAKING 


CALCITE  VEINING 


SL ICKENS IDE 
SURFACES 


5  100 


37 


35 


36 


33 


REMARKS 


RUN  #23  CONT'D 


RUN  "24 


_DP=>100  PS  I 


RUN  #25 
DP=  0  PS  I 


RUN  *27 


LOG  OF  BORING 


PLATE  A-IAB/6 


CLIENT :     CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03)  

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  mftmoo  :       ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


BORING  NO.. 


28 


LOCATION 


LINCOLN  PARK 


ELEV. 


303 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  Z  


90° 


OF 


ROCK 
TYPE 


OS 
zo 


5 

xQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY.  BEDOING /FOLIATION, ETC.) 


MELANGE 


FR  - 
SW- 
MW- 
HW- 
XW- 


SAND  TO  COBBLE  SIZE  GRAYWACKE, 
SHALE  AND  GREENSTONE  CLASTS 
IN  A  LIGHT  GREEN-BROWN 
SERPENT  I N I T I C  SHALE  MATRIX 


MEDIUM  GRAINED,  DARK  GREEN 
SERPENTINE  WITH  TALC 
OCCURRING   IN  VEINLETS.  ALSO 
HAS  CALCITE  VE I N I NG 
CP=1300  PSI  -  D 


MEDIUM  GRAY,  MEDIUM  GRAINED 
-+ GRAYWACKE  CLAST 
L-CP^SIOO  PSI  -  D 

BLACK  SHALE  CLAST 


FRACTURED  MEDIUM  GRAY,  MEDIUM 
GRAINED  GRAYWACKE  AND  BLACK 
SHALE 


SAND  TO  GRAVEL  SIZE  CLASTS 


UJ  Q 

284 


286 


16  — 


288 


14 


290 


294 


296 


298 


V# 

W 

MS 

S 

vs 


■  300 


ss*ss 


Yss/S 


100 


ASSUME  LOSS  AT 
_TOP  OF  CORE 


SL ICKENS IDE 
SURFACES 


90 


100 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


MODERATE 
SUSCEPTIBILITY 
TO  SLAKING 


SL  ICKENS  IDE 
SURFACES 


16  64 


CALC ITE  VE I N I NG 


22 


42 


35 


21 


4fl 


REMARKS 


RUN  #27  CONT'D 


RUN  #28 


RUN  #29 


RUN  #30 


RUN  #31 


LOG  OF  BORING 


PLATE  A-IAB/7 


CLIENT:     CITY  8  COUNTY  OF  SAN  FRANCISCO  (D&M  JOB  185-131-03)  

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  Mr-mnn  .•       ROTARY  WASH  (NX- CORING)  WITH  REVERT  SLURRY 

LOCATION  LINCOLN  PARK   ELEV.  303 


BORING  NO. 


28 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  1  


90e 


OF 


ROCK 
TYPE 


zo 
u 


_  00 


5 

xQ 


PC 


MELANGE 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION, ETC.) 


SAND  TO  PEBBLE  SIZE  SHALE, 
GREENSTONE,  SERPENTINE  AND 
GRAYWACKE  CLASTS   IN  A  SHALEY 
MATRIX 


■   SAND  TO  COBBLE  SIZE  GREENSTONE 

SHALE  AND  GRAYWACKE  CLASTS 


DARK  GREEN  MEDIUM  TO  FINE 
GRAINED  SERPENTINE 

CLAY-RICH,  MATRIX  SUPPORTED 
MELANGE  ZONE 


11 


DARK  GREEN  SERPENTINE  CLAST 


FRACTURED  INTERLAYERED  SHALE 
AND  S I LTSTONE 


< 

JZ 

<r  s 


30 


3  0 


REMARKS 


RUN  #31  CONT'D 


RUN  #32 


37.3  FEET  TRICONE 
DRILLING 


DP=0-2S0  PS  I 


RUN  *33 
DP=0  PS  I 


TERMINATED  BOP  I NG  AT 
ELEV.  -42'.  DEPTH  IS 
345'  . 


FR  -J 
SW— 1 
MW- 
HW- 

xw 


vw 
>—  w 

MS 

s 

vs 


LOG  OF  BORING 


DAM  HS  8 


PLATE  A-IAB/8 


+240 


+230 


+220 


+210 


+200 


OTHER  TESTS  S 
INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATE  (MIN./FT.) 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (%) 

SAMPLING  RESISTANCE 
(BLOWS/FT)  or(HYD.  PRESS..PSI) 

LABORATORY 

FIELD 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

NORMAL  OR  CONFINING 
PRESSURE  (PSF) 

PEAK  SHEAR 
STRENGTH (PSF) 

TORVANE  (PSF) 

PENETROMETER  (PSF) 

U-l 

100 

12 

-U-1 

-100- 
83 

—  16- 

U-1 

GRAB 
5RAB 

5 

PT 

iRAB 

NX 

90 

0 

I 
8 

NX 

100 



10 

,3 

10 

11 

7 

NX 
NX 

100 
100 

BORING  29 

DRILLED  7/12  -26/78 


ELEVAT I  ON  +238'  

ASPHALTIC  CONCRETE  OVER  6"  CONCRETE 
BROWN  FINE  SAND  (DUNE  SAND) 

(GRADING  MEDIUM  DENSE) 


REDDISH  BROWN  SANDY  CLAY  (STIFF) 

(GRADING  YELLOW-REDDISH  BROWN  MOTTLED)  

GRAY-BROWN  SHALE   (GREAT  VALLEY  BEDROCK) 

HIGHLY  V  EATHERED ,   SHEARED,  WEAK  TO  VERY  WEAK. 

(GRADING  HARDER) 

(GRADING  HARDER) 


— (WATER  LEVEL,  11/15/78) 


.(WATER  LEVEL,  8/2/78) 
(HIGHLY  WEAHTERED  SANDSTONE  INTERBED) 
(OCCASIONAL  THIN  SANDSTONE  INTERBEDS) 


(SHEAR  ZONE,  HIGHLY  WEATHERED,  VERY  WEAK) 


NOTES: 


1.  SAMPLING  RESISTANCE: 

U  DRIVEN  WITH  275#  SLIPJARS  FALLING  30" 

2.  ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED 
ON  OFFIC  IAL  C  ITY  GRADE. 

3.  REFER  TO  FOLLOWING  GEOLOGIC  LOGS  FOR  A  MORE 
DETAILED  DESCRIPTION  OF  THE  BEDROCK. 


DARK  GRAY  MEDIUM  GRAINED  SANDSTONE  AND  BLACK 
SHALE   IN  SPORADIC  CONTORTED  I..TERBEDS.  FRESH, 
STRONG     RQD  =  75.   FRACTURES  ARE  CLEAN  AND 

.  ROUGH.  

MEDIUM  TO  DARK  GRAY  MEDIUM  GRAINED  SANDSTONE . 
MASSIVE,   FRESH,  VERY  STRONG,  MANY  CALCITE 
VVE  I  NLETS.  


LOG  OF  BORING 


DAMES  e  MOORE 


PLATE  A- 1  AC 
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CLIENT:     CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  MpTMnn:  ROTARY  WASH -NX  CORING  WITH  REVERT  SLURRY 


BORING  NO.. 


29 


LOCATION 


46th.  AVE.  AT  GEARY.  S.F. 


ELEV.  238_ 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  I  


90e 


OF 


ROCK 
TYPE 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 

LIGHT  TO  MEDIUM  GRAY  VERY 
FINE  GRAINED  SANDY  SHALE. 
1  CONTORTED  LAMINATIONS. 
I»CP=2200  PSI  -  A 


SANDSTONE 


L IGHT  GRAY  FINE  GRA I  NED 
SANDSTONE  WITH  MEDIUM  ORANGE- 
BROWN  STAINING  ALONG  FRACTURE 
PLANES. . 
THICK  BEDDED  TO  MASSIVE.  _ 
CP=17600  PSI  -  D  CP=26000  PSI  -  A 


155  

-  83.5 


j^Lv- 
■VttV 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
CO  AT  I NG,  ETC  )  


HIGHLY 

FRACTURED  AND 
SHEARED  WITH 
MANY  FRACTURES 
HEALED  BY  CLAY 
OR  CALC I TE . 
SHEARED  MATER IAL 
IS  HIGHLY 
SUSCEPTIBLY  TO 
SLAKING. 


■7 

SLIGHTLY  TO 
MODERATELY 
FRACTURED  WITH 

/ 

100 

A  FEW  FRACTURES 

 HEALED  BY   

CALC ITE. 
FRACTURE 
SURFACES  ARE 
ROUGH. 

P 
1 

HIGHLY 
FRACTURED 

REMARKS 


RUN  »l 

DP  -  250  PS  I 
DP  -  300  PSI 


15  FEET  TR I  CONE 
DRILLING 


RUN  *2 

OP  -  200  PSI 


250  PS  I 


 ^ — 

t-.-..K'..1 


FR  -1 
SW — ' 
MW 
HW 
XV* 


LIGHT  GRAY  FINE  GRAINED 
SANDSTONE  WITH  VERY  LIGHT 
BROWN  STAINING  ALONG  FEW 
HEALED  FRACTURES. 

>-CP=23800  PSI  -  D 

>-  CP=27500  PSI  -  D  CP=I5700  PSI 


CP=37900  PSI  -  D 
CP=36200  PSI  -  D 


1 02- 


SLIGHTLY 
FRACTURED  WITH 
MOST  HEALED  AND 
VERY  STRONG. 


16.5  FEET  TRICONE 
DRILLING.  CUTTINGS 
SHOW  SANDSTONE 


RUN  «3 

DP  •  200  PS  I 


vw 
1 —  w 

MS 

s 

vs 


LOG  OF  BORING 


PLATE  A-IAC/I 


CLIENT :     CITY  S  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  MFTHnn.- ROTARY  WASH -NX  CORING  WITH  REVERT  SLURRY 
LOCATION   46th.  AVE.  AT  GEARY,  S.F.  ELEV. 


BORING  NO. 


29 


238 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  1  


90° 


OF 


ROCK 
TYPE 


few 


5 

IQ 


FR  J 
SW— ' 
MW 

HW- 

xw 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


INTERBED  OF  CONTORTED  MEDIUM 
GRAY  LAMINATED  SHALE. 
l-CP^SOO  PSI  -  D 


5  I 

UJ  Q- 
_l  UJ 
111  Q 
— 104 


is 


eg 

u.  o 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC  )  


FEW  FRACTURES 
ALONG  SHALE 
SEAMS. 


CO 
UJ 

IT 
U. 

I   4  16  64 


LIGHT  TO  MEDIUM  GRAY  FINE 
GRAINED  SANDSTONE. 
MASS IVE. 

CP-18400  PSI  -  DCF=14600  PSI  -  A 
CP=23600  PSI  -  D 
CP=13900  PSI  -  D   CP=13700  PSI  - 

VERY  LIGHT  BROWN  STAINING 
ALONG  MANY  HEALED 
FRACTURES. 


=26600  PSI  -  D  CP=14300  PSI  -  A 


121 


1  16- 


MODERATELY 
FRACTURED  WITH 
MOST  HEALED  BY 
CALC ITE. 


SAME  AS  RUN  #4 


CP=19200  PSI  -  0  CP=25900  PSI  -  A 


-140 


97  • 


142 


60 


SAME  AS  RUN  #4 


< 

j3 


REMARKS 


RUN  H2  (CONT. ) 


15  FEET  TRICONE 
DRILLING,  CUTTINGS 
SHOW  SANDSTONE 


RUN  #4 

DP  =  250  PSI 


15  FEET  TRICONE 
DRILLING.  CUTTINGS 
SHOW  SANDSTONE 


RUN  =5 

OP  -  250  PSI 


<-  vw 
w 

MS 

s 

vs 


LOG  OF  BORING 


e  mooRi 


PLATE     A- 1  AC/2 


CLIENT :     CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  MFTunn ;  ROTARY  WASH  -  NX  CORING  WITH  REVERT  SLURRY 


BORING  NO. 


29 


LOCATION 


46th.  AVE.  AT  GEARY,  S.F. 


ELEV. 


238 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  1  


90° 


OF 


ROCK 
TYPE 


05 

cc 


*J2 


xq 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


5?  o 


cc 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC. )  


75  5025 
I   I  I 


Sag 


16  64 
.  i  .  I 


SANDSTONE 


SANDSTONE  AND 
SHALE,  INTER- 
BEDDED 


FR  • 
SW- 
MW- 
HW- 

xw- 


160->&V 


26 


SAME  AS  RUN  #4 


-175- 


TH  I N  TO  MEDIUM  I NTERBEDD I NG 
OF  SANDSTONE  AND  SHALE. 
SANDSTONE:   LIGHT  TO  MEDIUM 
GRAY,   FINE  SAND  SIZE  MATERIAL 
MASS  I VE. 

SHALE:   LAMINATED  LIGHT  AND 
MEDIUM  DARK  TO  DARK  GRAY,  LOW 
PROPORTION  OF  VERY  FINE  SAND 
SIZE  MATERIAL,  LAMINATIONS 
CONTORTED. 

-CP=3300  PSI  -  A   

U-CP-800  PSI  -  D 


SAME  AS  RUN  #7 


1  78- .-. 


180 


57  — 


FRACTURES 
PRIMARILY 
PERPENO ICULAR 
TO  CORE  AXIS 
WITH  MOST 
OCCURRING  IN 
THE  SHALE. 

FEW  INDICATIONS 
OF  SHEARING 

ITH  SANDSTONE 
BRECC IATED 
LOCALLY. 


FEW  CALC ITE 
VE INLETS 


•  SAME  AS  RUN 

#7 

SHALE  HAS  LOW 
SUSCEPTIBILITY 
TO  SLAKING 


Old 


REMARKS 


IS  FEET  TR  I  CONE 
DRILLING,  CUTTINGS 
SHOW  SANDSTONE 


RUN  #6 

DP  -  250  PS  I 


FIRST  ATTEMPT  YIELDED 
0%  RECOVERY.  SECOND 
ATTEMPT  OF  THE  SAME 
CORE  26'/.  THE  ROCK  IS 
BELIEVED  TO  BE 
COMPETENT  WITH  HIGH 
RQD  AND  FEW  FRACTURES 
PER  FOOT. 


11   FEET  TR I  CONE 
DRILLING. CUTTINGS  SHOW 
SANDSTONE  OVERLYING 
INTERBEDDEO  SANDSTONE 
AND  SHALE  AT 
APPROXIMATELY  175  FEET 


RUN  *7 

OP  -  200  PSI 


CORE  BARREL  BLOCKED 


RUN  »B 

OP  -  200  PSI 


vw 
w 

MS 

S 

VS 


LOG  OF  BORING 


PLATE  A-IAC/3 


CLIENT :     CITY  8  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  MpTHnn:  ROTARY  WASH -NX  CORING  WITH  REVERT  SLURRY 
LOCATION   46th.  AVE.  AT  GEARY,  S.F.  ELEV. 


BORING  NO. 


29 


238 


ANGLE  FROM 
HORIZONTAL  . 

FAGE  5.  


90e 


OF 


ROCK 
TYPE 


9t 


SANDSTONE  AND 

SHALE, 

I  NTERBEDDED 


SANDSTONE 


5UJ 
WW 


5 

xQ 


SW— 1 

MW 

HW 

xw 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


CP-17500  PSI  -  D  CP=10800  PSI  -  A 


LOWEST  2  FEET  RECOVERED 
CONSISTS  PRIMARILY  OF 
SANDSTONE  WITH  FEW  ANGULAR 
NODULES  OF  DARK  GRAY  SHALE. 
-CP=6100  PSI  -  D 

L— CP=4600  PSI  -  A 


LIGHT  TO  MEDIUM  GRAY,  FINE 
TO  MEDIUM  GRAINED  SANDSTONE. 
MASS  I VE 
-  CP=14700  PSI  -  D 


CP=19500  PSI 


SAME  AS  RUN  #9 
CP=2O700  PSI  -  D 


FEW,  VERY  THIN,  CONTORTED 
LAYERS  OF  DARK  GRAY  SHALE 
CP=20700  PSI  -  D  CP=25400  PSI  - 


CP=28000  PSI  -  D  CP=32700  PSI  -  A 


54 


185 


52 


50  ■ 


189 


48 


191 


46- 


193 


si 


7^ 


100 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING^  ETC.)  


SAME  AS  RUN  #7 


FRACTURES  ARE 
ROUGH. 

SHALE  HAS  LOW 
SUSCEPTIBILITY 
TO  SLAKING. 


75  50  25  I   4  16  64 


MODERATELY 
FRACTURED 
WITH  SURFACES 
COMMONLY  ROUGH. 
CALC ITE  VE INLETS 
ABUNDANT. 


THIN  BLACK  SHAL 
BED  AT  191  FEET, 
45°  TO  CORE  AXIS | 
LOW 

SUSCEPTIBILITY 
TO  SLAKING. 


MODERATELY 
FRACTURED 
WITH  SURFACES 
COMMONLY  COATED 
WITH   IRON  OX  IDE, 
ROUGH.  CALC ITE 
VE INLETS 
ABUNDANT. 


I 


< 

Bi 

Q  ■ — 


REMARKS 


RUN  #8  (CONT. ) 
DP  -  200  PSI 


RUN  #9 

DP  =  275  PSI 


RUN  *10 

DP  -  200  PSI 


vw 
* 

'  MS 

■s 

■  VS 


LOG  OF  BORING 


PLATE  A-IAC/4 


CLIENT :     CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  METHOD  ROTARY  WASH -NX  CORING  WITH  REVERT  SLURRY 


BORING  NO.. 


ANGLE  FROM 
HORIZONTAL  - 


29 


90° 


LOCATION 


46th.  AVE.  AT  GEARY,  S.F. 


ELEV. 


238 


PAGE. 


OF 


ROCK 
TYPE 


UJ 
X 

&UJ 

*J2 


SANDSTONE 


xQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


FR  ! 

sw- 
im w- 

HW- 

xw- 


40" 


GRADING  MEDIUM  TO  DARK  GRAY, 
MEDIUM  GRAINED  SANDSTONE, 
MASS IVE. 


SAME  AS  RUN  #11 


.  CP=16000  PSI  -  D 
MEDIUM  TO  DARK  GRAY  VERY 
FINE  GRAINED  SANDSTONE 
WITH  VERY  THIN,  CONTORTED 
LAYERS  OF  BLACK  SHALE  AND 
WHITE  CALCITE.  THE  DIP 
AInGLE  VARIES  FROM  0°   TO  70° 


CP=13300  PSI  -  D 


CP=10900  PSI  -  D  CP=11200  PSI  -  A 


3  fc 
UJ  0- 


199 


201 


36 


203 


34  ■ 


32 


207 


2  09 


CP=2500C  PSI  -  D  CP=30500  PSI  -  A 


vw 
w 

MS 

s 

vs 


100 


80 


96 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


FRACTURED 
PERPENDICULAR  TO 
CORE  AXIS.  ROUGH 
NO  COATINGS. 
POSS I BLY  RESULT 
FROM  DRILLING. 


CALCITE  VEINLETS 

ABUNDANT 

THROUGHOUT. 


FEW  VERY  STRONG 
HEALED  FRACTURES 


S3 

Alt 

h-  ujO 

tr„ 

10 
OW 

ZK 

< 

31 

u. 

tr  5 

1   4  16  64 

Q  — 

Ll    I  . 

SAME  AS  RUN  #11 


_ALL  FRACTURES  ARE 
ROUGH  AND  CLEAN. 


LOG  OF  BORING 


REMARKS 


RUN  #10  (CONT. ) 


CAVING  AT  APPROX. 
160  FEET  DEPTH. 
REAMED  OUT  BEFORE 
CORE  RUN  #11. 


RUN  #1 1 


RUN  #12 

CORE  BARREL  BLOCKED 
AT  205. 7  FEET 


RUN  #13 
'DP  -  200  PSI 


DAM  E  8  0  MOOR  I 


PLATE  A-IAC/5 


CLIENT  =     CITY  8  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


BORING  NO. 


29 


PROJECT: 

DRILLING  MF-mnp  ■•  ROTARY  WASH -NX  CORING  WITH  REVERT  SLURRY 
LOCATION  46th.  AVE.  AT  GEARY,  S.F. 


ELEV. 


238 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  _§  


90° 


OF 


ROCK 
TYPE 


SANDSTONE 


O 
X00 


5 

xQ 


SW — 1 
M* 

HW- 
XW- 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY ,  BEDDING /FOLIATION,  ETC. ) 


LIGHT  TO  MEDIUM 
GRAY  FINE  GRAINED 
SANDSTONE.  MASSIVE. 


CP=23000  PSI  -  D  CP=14600  PSI  -  A 


22 


CP=28000  PSI  -  D 


SAME  AS  RUN  #14 


CP=14700  PSI  -  D 


GRADING  MEDIUM  TO  DARK 
GRAY,   FINE  TO  MEDIUM 
'GRAINED  SANDSTONE. 
MASSIVE. 


CP=18900  PSI  -  D 


THIN  HIGHLY  CONTORTED 
LAYER  OF  BLACK  SHALE, 
INTERBEDDED  WITH 
SANDSTONE. 

.  CP=26700  PSI  -  D 

PREDOMINANTLY 
SANDSTONE,  AS  IN 
RUN  #14,  INTERBEDDED 
WITH  HIGHLY  CONTORTED 
BLACK  LAMINATED 
SHALE. 


L  V* 

•—  w 

MS 

S 

VS 


UJ  CL 


24- 


215 


217 


219 


221 


16 


223 


227 


<  _l 

or 


org 


I  00 


CALCITE  VEINLETS 
ABUNDANT  THROUGHOUT 


68 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATI NG.  ETC. )  


SAME  AS  RUN  #14 


MANY  FRACTURES 
HEALED  BY  CALCITE. 
VERY  STRONG.  ALL 
FRACTURES  ARE 
CLEAN  AND  ROUGH. 


FRACTURES  MOSTLY 
PERPENDICULAR  TO 
CORE  AXIS.  ROUGH, 
CLEAN. 


UJ 

oo-o 
< 

u. 

I   4  16  64 


< 

or  „ 
_  w 

31 

ITS 

Q  — 


LOG  OF  BORING 


REMARKS 


RUN  #13  (CONT. 


RUN  #14 
DP=175  PSI 


DP=200  PSI 


RUN  #15 
DP=200  PSI 


RUN  #16 


DP=200  PS  I 


RUN  #17 
DP-150  PSI 


PLATE     A- 1  AC/6 


CLIENT:     CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  MFTHnn.-     ROTARY  WASH-NX  CORING  WITH  REVERT  SLURRY 


BORING  NO. 


ANGLE  FROM 
HORIZONTAL  - 


29 


90° 


LOCATION       46th.  AVE.  AT  GEARY,  S.  F 


ELEV. 


238 


FAGE. 


OF 


ROCK 
TYPE 


OS 

o 

a. 


m 

Ld 


SANDSTONE 


SANDSTONE  AND 
SHALE 

I NTERBEDDED 


SANDSTONE 


FR 

sw 

MW 

HW 

xw 


a: 
i- 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


CP=84200  PSI 


CP=1530O  PSI  -  D 


DARK  GRAY  MEDIUM 
GRAINED  SANDSTONE 
THICK  BEDDED  TO 
MASS  I VE 


CP=39200  PSI 


CP=17600  PSI  -  D 


FEW,  HIGHLY  CONTORTED, 
BLACK  SHALE  INTERBEDS 


I NTERBEDDED  DARK  GRAY 
MEDIUM  GRAINED  SANDSTONE 
AND  BLACK  SANDY  SHALE. 

INTERBEDS  ARE  SPORADIC 
AND  HIGHLY  CONTORTED. 


CP=18400  PSI 


MEDIUM  TO  DARK  GRAY 
MEDIUM  GRAINED  SANDSTONE. 
3_MASSIVE. 

t  CP=35900  PSI  -  D  CP=19600  PSI  - 


237 


241 


243 


245 


C5 


Ulr; 


or 

p. 


vw 
w 

MS 

S 

vs 


100 


100 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE, ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.l  


AN  ABUNDANCE  OF 
FRACTURES  HEALED 
BY  CALCITE.  VERY 
STRONG. 


AN  ABUNDANCE  OF 
CALCITE  VE INLETS 
FRACTURES  ARE 
CLEAN  AND  ROUGH 


o 


Oul 
ZK 

(T5 


MODERATE  ABUNDANCE 
OF  CALCITE  VEINLETS 


LOG  OF  BORING 


REMARKS 


RUN  #17  (CONT. 


RUN  #18 
DP=200  PSI 


RUN  #19 
DP=200  PSI 


DP=150  PS  I 


RUN  #20 
DP-ISO  PSI 


DAMH8  e  MOQRI 


PLATE  A-IAC/7 


CLIENT: 
PROJECT: 
DRILLING  METHOD 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (D&M  JOB  185-131-03) 


BORING  NO. 


29 


RICHMOND  TRANSPORT  SEWER 


ROTARY  WASH-NX  CORING  WITH  REVERT  SLURRY 


LOCATION 


46th.  AVE.  AT  GEARY,  S.F. 


ELEV. 


238 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  §  


90° 


OF 


ROCK 
TYPE 


SANDSTONE 


m 


xQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION,  ETC.) 


247 


10- 


o 
o 


ui5 

Eg 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


< 

If) 
z  p 

□  2 


REMARKS 


RUN  #20  (CONT. ) 
DP-200  PS  I 


TERMINATION  OF 
BORING  AT  ELEV. 
-10  FEET.  DEPTH 
IS  248  FEET. 


FR 
SW— ' 
MW- 

HW- 

xw- 


L  vw 
w 

MS 

s 
vs 


LOG  OF  BORING 


DAME 8  B  MOORE 


PLATE  A-IAC/8 


Kg 

uj  p 


+320 


+290 


+270 


+260 


ATTERBERG 
LIMITS 


SHEAR  STRENGTH 
TEST  RESULTS 


LABORATORY 


+40  ■ 


+30  . 


+20  ■ 


-10 


NOTES: 


*f2 
Oct 
za. 


</>o 


FIELD 


GRAB 


U-1 
U-1 
U-1. 
U-1 
U-1 
U-1 


67 


100 
100 
_83 
83 
100 
100 


is 


26 


BORING  30 

DRILLED  8/3- 17/78 


_!L 


50 
100 
40 

20 


100 
60 


50 


is, 


CL 


1.  SAMPLING  RESISTANCE: 

U  DRIVEN  WITH  240#  SLIPJARS  FALLING  18" 

2.  ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED  ON  OFFICIAL 
C  ITY  GRADE. 

3.  SEE  FOLLOWING  GEOLOGIC  LOGS  FOR  A  MORE  DETAILED 
DESCRIPTION  OF  THE  BEDROCK 


ELEVATION  +316' 


ASPHALT  I C  CONCRETE 


CONCRETE 


BROWN  FINE  SAND  (DUNE  SAND) 
(MEDIUM  DENSE) 


(GRADING  DENSE) 


BLACK  SANDY  SILTY  CLAY  (VERY  STIFF) 


GRAY  AND  BROWN  SANDY  CLAY  (VERY  SHUT 


GRAY  AND  BROWN  SILTY  FINE  SAND  WITH  OCCASIONAL 
CLAYEY  SAND  (MEDIUM  DENSE  TO  DENSE ) (COLMA 
FORMATION) 


-(WATER  LEVEL,  10/9/78,  11/15/78) 
(GRADING  ORANGE-BROWN,  DENSE) 


GRAY- BROWN  FINE  SAND  (VERY  DENSE | 


BLACK  SHEARD  SHALE  (MELANGE)  WITH  CONTORTED 
BEDDING,  SLICKENS IDED,  SLIGHTLY  WEATHERED. 
WEAK. 

(RED  AND  GREEN  GREENSTONE  INCLUSION. 
BRECC I ATED ,  SLIGHTLY  WEATHERED.  STRONG) 

(HIGH  SUSCEPTIBILITY  TO  SLAKING) 


(GRAY  GRAYWACKE  INCLUSION.  HIGHLY  FRACTURED. 
SLIGHTLY  WEATHERED,  STRONG) 

(GRAYWACKE   INCLUSION,  SLIGHTLY  WEATHERED. 
STRONG)  


LOG  OF  BORING 


DAMB8  H  MOOR! 


PLATE  A-IAD 


CLIENT : 
PROJECT 
DRILLING  METHOD 

LOCATION   


CITY  8  COUNTY  OF  SAN  FRANCISCO  (D8M  JOB  185-131-03) 


BORING  NO. 


30 


RICHMOND  TRANSPORT  SEWER 


ROTARY  WASH  (NX -CORING)  WITH  REVERT  SLURRY 


CLEMENT  AND  40th.  AVE. 


ELEV. 


316 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  !  


90< 


OF 


ROCK 
TYPE 


«8 

tr 


Si 


COLLUVIUM 


BEDROCK 
SURFACE 


5 

°-  UJ 

CO 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION, ETC.) 


BLACK  TO  DARK  GRAY  CLAYEY 
MATRIX  WITH  CLASTS  OF 
S I LTSTONE  AND  GRAYWACKE 
WITH  QUARTZ  VE INS 


5  x 

>  K 
LlJ  Q. 
_l  UJ 
UJ  o 
— 1 14 


201  • 


116 


cr 


Eg 


> 

o 

"-a 

(r 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC-)  


CO 
UJ 

QC 
U. 

75  5025  I   4  1664 


HIGH 

SUSCEPT IBILITY 


TO  SLAKING 


133.5'   GRAYWACKE   IN  CUTTINGS 


MELANGE 
SI LTSTONE 
AND  SHALE 


FR 
SW 
MW 

HW- 
XW- 


GRAY,   FINE  GRAINED,  WELL 
INDURATED,  MASSIVE,  CALCITE 
VE INLETS 


GRAY  TO  BLACK,  BRECC  IATED 


179— 


-177- 


CUTTINGS  AT  139'  SHOW 
GREENSTONE 


!J 


I  u< 


142 


HIGH 

SUSCEPT 181 L ITY 
TO  SLAKING 


ASSUME     LOSS  IN 
LOWER  PORTION 
OF  RUN 


LOG  OF  BORING 


< 

1/1 

Old 
Zh 

JZ 


30 


REMARKS 


RUN  #1 


25.6  FEET  TR I  CONE 
DRILLING 


—  0P=200-250  PS  I 


DP=300-450  PS  I 


RUN  *2 


DP=ISO  PS  I 
FAST  ROTATION 


_4.3  FEET  TR  I  CONE 
DRILLING 


DAMIS  O  MOORI 


PLATE  A-IAD/I 


CLIENT: 

PROJECT: 

DRILLING 

LOCATION 


CITY  8  COUNTY  OF  SAN  FRANCISCO  (DQM  JOB  185-131-03)  

RICHMOND  TRANSPORT  SEWER  

METHOD :      ROTARY  WASH  (NX -CORING)  WITH  REVERT  SLURRY 
 CLEMENT  AND  40th.  AVE.  E,  FV  316 


BORING  NO. 


30 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  ?  


90c 


OF 


ROCK 
TYPE 


e>5 


<riu 


5 

kg 

in 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


IM 


GREEN  TO  RED-BROWN,   BRECC IATED 
SAND  TO  COBBLE  SIZE  CLASTS  IN 
FINE  GRAINED  MATRIX.  CLAST 
SIZE  COARSER  AT  BASE 
CP=1300  PSI  -  D    CP=1000  PSI  -  A 


173- 


144 


169- 


SHEARED  GREENSTONE  OR  GREEN- 
STONE MELANGE-SUSPENDED 
SEDIMENT   IN  RETURN  WATER 
BECOMES  NOTABLE  AT  156.4' 


SHEARED  GREENSTONE  BRECCIA 
RED- BROWN  CLAYEY  MATRIX  WITH 
RED-BROWN  TO  GREEN  GREENSTONE 
FRAGMENTS-MINOR  AMOUNTS  OF 
SERPENTINE  PRESENT 


166f 


147 — 


1  68-1 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


3<r 


75  50  25  I   4  16  64 


ASSUME  RECOVER 
IN  LOWER  PART  C 


REMARKS 


RUN 
OP=C 


FEET  TR I  CONE 
ILLING 


DP=300-400  PSI 


ASSUME  CORE 
LOSS   IN  UPPER 
PART  OF  RUN 


SHEARED  WITH 
SL  ICKENS  IDE 
SURFACES 
SUSCEPTIBILITY 
TO  SLAKING 


RUN  "4 
DP=200  PS  I 


-0P=0  PS  I 


LOG  OF  BORING 


PLATE  A-IAD/2 


CLIENT: 
PROJECT: 


CITY  8  COUNTY  OF  SAN  FRANCISCO  (D&M  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


BORING  NO. 


30 


DRILLING  MFTunn        ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


LOCATION 


CLEMENT  AND  40th.  AVE. 


ELEV. 


316 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  1  


90° 


OF 


ROCK 
TYPE 


UJ 


xQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY.  BEDDING/FOLIATION.  ETC.) 


I-  cC^ 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE, ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


75  5025 
_1  I  L 


UJ 

oo-o 
< 

or 
It, 

I  4  16  64 
I  i  I  i  I 


ISI 


31 


REMARKS 


17  FEET  TRICONE 
DRILL ING 


DP=200  PS  I 


GREEN  AND  RED-BROWN,  FINE 
GRAINED,   BRECC I ATED   IN  UPPER 
AND  LOWER  PORTIONS,  MINOR 
QUARTZ-PYR I TE  VEINING 


100 


HIGHLY  SHEARED, 
MANY  SL ICKENS IDE 
SURFACES 


RUN  #5 
DP=3S0  PS  I 


-v- 


MELANGE 


SHALE  AND 
GRAYWACKE 


SEDIMENTARY  ROCK  FRAGMENTS 
APPEAR  IN  CUTTINGS  AT  204. 4> 


GRAY- BROWN  SHALE  MATRIX  WITH 
NUMEROUS  SAND  TO  GRAVEL  SIZE 
CLASTS  OF  GRAY  TO  BLACK  S I LTY 
SHALE  AND  RELATIVELY  FRESH 

GRAY  TO  GREEN  GRAYWACKE.   

ALCITE  VE INLETS  OCCUR. 
FOLIATION  AT  45°. 


109 — 


208 


sf.  — 


5  c-- 


H  IGH 

SUSCEPTIBILITY 

TO  SLAKING 

90 

ASSUME  CORE 

LOSS   IN  BOTTOM 

OF  RUN 

16.7  FEET  TRICONE 
DRILLING 
DP=450  PS  I 


RUN  *6 
DP-0  PS  I 


DP-100  PSl 


DP-0  PS  I 


16.6  FEET  TRICONE 
DRILLING 


SW— ' 

MW  

HW  

XW  


I  L  VW 

I—  w 

 MS 

—  S 

—  VS 


LOG  OF  BORING 


DAMIS  0  MOORI 


PLATE  AMAD/3 


CLIENT : 
PROJECT: 
DRILLING  METHOD 


CITY  8  COUNTY  OF  SAN  FRANCISCO  (D&M  JOB  185-131-03) 


BORING  NO. 


30 


RICHMOND  TRANSPORT  SEWER 


ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


LOCATION 


CLEMENT  AND  40th.  AVE. 


ELEV. 


316 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  *  


90e 


OF 


ROCK 
TYPE 


<5J 
ZO 


5 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY ,  BEDDING/FOLIATION,  ETC.) 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC.)  


75  50  25 
I  I  I 


I  .  I  i  I  ,  I 


REMARKS 


MELANGE 
SHALE- 
GREENSTONE 
GRAYWACKE  i 


16.6  FEET  TR I  CONE 
DRILL ING 


Tfer 


PEBBLE  SIZE  BLACK  SHALE  AND 
GRAYWACKE  CLASTS    IN  A  GRAY 
SHALE  MATRIX-FOLIATION  10-2CT 
GRAY  TO  DARK  GREEN  GRAYWACKE 
SHALE-GRAYWACKE  MELANGE 


SHEARED  RED  TO  GREEN 
GREENSTONE  BRECCIA  WITH  MINOR 
AMOUNTS  OF  SERPENTINE 
-CP=3000  PSI  -  A 
FINE-GRAINED  RED  TO  GREEN 
GREENSTONE  WITH  NUMEROUS 
CALC ITE  FILLED  FRACTURES 


226 


228f 


ASSUME  LOSS  IN 
TOP  OF  RUN 


RUN  #7 
0P=0  PS  I 


DP=I50  PS  I 
DP=200  PS  I 


NO  GREENSTONE   IN  CUTTINGS- 
MA  I  NLY  GRAYWACKE  AND 
FELDSPAR 


MEDIUM  GRAY,   FINE  GRAINED, 
FELDSPATHIC  GRAYWACKE.  HIGHLY 
FRACTURED  WITH  CLAY  FILLINGS 
IN  THE  FRACTURES 


MANY  DEFORMED  CALC ITE 
VE INLETS 


CLAY  BECOMES  LESS  ABUNDANT 


71  — 


246 


248 


ROCK  IS  HIGHLY 
FRACTURED  WITH 
CLAY  FILLING  IN 
THE  FRACTURES, 
IN  SOME  CASES 
"FORMING  A  MATRIX 
FOR  THE 
FRAGMENTS. 
RQD  50%  DUE  TO 
CLAY  COHESION 
OF  FRACTURES 


16  FEET  TR I  CONE 
DRILLING 


RUN  »8 


DP=150  PS  I 


DP=150  PS  I 


LOG  OF  BORING 


IAMI8  0 


PLATE  A-IAD/4 


CLIENT :     CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03)  

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  MFTunn.-  ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 
LOCATION   CLEMENT  AND  40th.  AVE.  


BORING  NO.. 


30 


ELEV. 


316 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  5  


90° 


OF 


ROCK 
TYPE 


OS 


zo 

X00 

few 

UJW  _ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION,  ETC.) 


CALCITE  AND  QUARTZ  VEINLETS 
RARE  SILT  AND  SHALE  LENSES 
OCCUR 


! 


. MODERATELY  HARD  BLACK  SHALE 
PARTINGS  EXHIBITING 
SLICKENS IDES 


GRAYWACKE  IS  MODERATELY  HARD, 
RELATIVELY  FRESH,  BUT  HIGHLY 
FRACTURED  WITH  LITTLE  OR  NO 

_ASSOC  IATED  CLAY  INFILLING 

rcp=1400  PSI  -  D 


MINOR  QUARTZ  VEINING 


252 


63- 


256 


260 


262 


264 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC.)  


1  00 


*2 


LLl 

g 

CO 
OUJ 
ZK 


FRACTURE  SPACING 
0.01 '  TO  0.40' 


FRACTURE  SPAC ING 
0.05'   TO  0.3' 


.INTENSE 
FRACTURING  FEW 
FRAGMENTS  LARGER 
THAN  0. I ' 


VERY  ANGULAR 
FRAGMENTS  0.02' 
TO. 2' 

AVG.  =  0.05 


ASSUME  LOSS  IN 
LOWER  PART  OF 
RUN 


-  S 

•  vs 


LOG  OF  BORING 


26 


23 


29 


REMARKS 


DP- 150  PS  I 


DP-250  PSI 


RUN  #10 
DP- 150  PS  I 
DP=200  PSI 


DP-300  PSI 


RUN  « I  1 
DP-200  PS  I 


20 


RUN  #12 
DP-200  PS  I 


RUN  #13 
DP-200  PS 


DAM  MS  8  MOO  W  I 


PLATE  A-IAD/5 


CLIENT: 
PROJECT: 
DRILLING  METHOD 

LOCATION   


CITY  a  COUNTY  OF  SAN  FRANCISCO  (D&M  JOB  185-131-03) 


BORING  NO. 


30 


RICHMOND  TRANSPORT  SEWER  c 
 ■  ANGLE   FROM  Q_e 

ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY  HORIZONTAI  32. 


CLEMENT  AND  40th.  AVE. 


ELEV. 


316 


PAGE. 


OF 


ROCK 
TYPE 


zo 
Ed 


xQ 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


SHALE  PARTINGS  AT  45° 
SLICKENS IDED  SURFACE 
CP=7300  PSI  -  d 


W  ITH 


GRADES  TO  MODERATELY  WEATHERED 
GRAYWACKE 

MINOR  CALCITE  VEINING 


COARSER  GRAINED  GRAYWACKE  WITH 
ROCK  FRAGMENTS  UP  TO  .1"  AT 
272.2  TO  272.9' 


SOME  CLAY  INFILLING  OF 
FRACTURES 


GRADES  TO  LESS  WEATHERED 
GRAYWACKE 


FOLIATION  DilFiNED  BY  WEAK 
ELONGATION        GRAINS  AT  45° 
CLAY- RICH  S!:   '   AT  45° 


268 


270 


272 


274 


41- 


39- 


s 

% 

5% 


280 


3  5- 


282 


cr 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATI NG.  ETC.)  


100 


50 


.§; 

si, 
ss; 

%; 

ft 

S*S 
I'5 

s4 

Ps 

% 

% 

I 


3  Pi  o 

oQ-2 
< 

a. 


I   4  16  64 


< 

BC  


AVERAGE  FRAGMENT 
S  IZE  =  0. 1  TO 
0.2' 


FRACTURE  PA  I R  AT 
40°   TO  EACH  OTHER) 
70°   TO  HORIZONTAL 


ASSUME  LOSS  IN 
■  LOWER  PART  OF 
RUN 


AVERAGE  FRACTURE 
SPAC ING   IS  0.05 
TO  0.1' 


.'  SUME  LOSS  IN 
LOWER  PART  OF 
RUN 


INTENSELY 
FRACTURED 


RANGE  OF  FRACTURE | 
SPACING   IS  0.05 
TO  0.2' 


ASSUME  LOSS  IN 
-LOWER  PART  OF 
RUN 


LOG  OF  BORING 


REMARKS 


RUN  #13  CONT'D 


RUN  #14 
DP=300  PS  I 

DP=250  PS  I 


DP=300  PS  I 
DP=0  PS  I 


RUN  #15 


OP-250  PS  I 


RUN  #16 
DP-200  PS  I 


DP-300  PSI 
OP-400  PS  I 


RUN  »17 


PLATE  A-IAD/6 


CLIENT: 
PROJECT: 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


BORING  NO. 


30 


DRILLING  METHOD 


ROTARY  WASH  (NX- CORING)  WITH  REVERT  SLURRY 


LOCATION 


CLEMENT  AND  40th.  AVE. 


ELEV. 


316 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  1  


90° 


OF 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


SHALE  PARTING  AT  60° 


DEEPLY  WEATHERED,  HIGHLY  — 
FRACTURED  GRAYWACKE  WITH  CLAY 
FILLING   IN  FRACTURES 


.DISLOCATED  SHALE  SEAMS  0.2"  

THICK 

BLACK  SHALE  SEAM,  0.1'  THICK, 
IN  SHARP  CONTACT  WITH  COARSER 
GRAINED  GRAYWACKE 


MINOR  CALC ITE  VEINLETS 


SHEARED  BLACK  SHALE  WITH 
CONTORTED  BEDDING  AND 
SLICKENS IDED  SURFACES 
INTERBEDDED  WITH  MINOR 
GRAYWACKE  LENSES.  FOLIATION 
GENERALLY  AT  30° 

RED  AND  GREEN,   FINE  GRAINED 
GREENSTONE  BRECCIA  CUT  BY 
NUMEROUS  CALC ITE  AND  QUARTZ 
VEINS,   FOLIATION  AT  45° 

CP=1800  PSI  -  A 


UJ  Q 

"82 


27- 


290 


25  — 


292 


294 


VW 

w 

MS 

S 

vs 


.298 


O 


U-O 


-ii 


I 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC. )  


IX  , 
BC 

I   4  16  64 


O  Ul 
21- 

31 


ASSUME  LOSS  IN 
LOWER  PART  OF 
RUN 


INTENSELY 
FRACTURED 
FRAGMENT  S  IZE 
0.01  TO  0.15' 


ASSUME  LOSS  IN 
LOWER  PART  OF 
RUN 


LESS  FRACTURING 
IN  THE  COARSER 
GRAINED  GRAYWACKE  I 


SL  ICKENS  IDED 
SURFACES 


SL  ICKENS IDED 
SURFACES 


ASSUME  LOSS  IN 
LOWER  PART  OF 
RUN 


LOG  OF  BORING 


REMARKS 


RUN  #17  CONT'D 


8ARREL  BLOCKED  AND 
GROUND  UP  END  OF  CORE 


RUN  #18 
DP=0  PS  I 


RUN  #19 
DP=0  PS  I 


RUN  #20 
~DP=0  PS  I 


CATCHER  WORKED  LOOSE 
AND  GROUND  AWAY  _»E- 
PART  OF  CORE 


DAMM8  e  MOORE 


PLATE  A-IAD/7 


CLIENT: 

PROJECT: 

DRILLING 

LOCATION 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03)  

RICHMOND  TRANSPORT  SEWER  

METHOD :       ROTARY  WASH  (NX- CORING)  WITH  REVERT  SLURRY 
 CLEMENT  AND  40th.  AVE.  B  EV  316 


BORING  NO. 


30 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  §  


90° 


OF 


ROCK 
TYPE 


S2 


5 


&5«2 


DESCRIPTION 
OF 

ROCK  MATERIAL 

COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


CONTORTED  SEAMS  OF  BLACK 
SHALE   IN  GREENSTONE  BRECCIA 


—  302 


SILTY  SHALE,  GRAYWACKE ,  AND 
GREENSTONE  CLASTS  AND  LENSES 
H  N  A  DARK  GRAY  TO  BLACK,  — 
HIGHLY  SHEARED  SHALE  MATRIX. 
EXTENSIVE  EVIDENCE  OF 
DE FORMAT  I  ON- FOLD  I NG ,  FAULTING 
AND  DISRUPTION.  MINOR  AMOUNT 
OF  SERPENTINE  PRESENT. 
DEFORMED  CALC ITE  COMMON. 


SHEARED  SHALE  WITH  FEW  OR  NO 
ROCK  FRAGMENTS 


DEFORMED  CALC  ITE  VEINS  COMMON 


MEDIUM  TO  DARK  GRAY,  FINE 
GRAINED  GRAYWACKE  WITH  A  FEW 
THIN  BLACK  SHALE  LENSES 


304  S 


— |  308,-Js 


310 


Z>?s, 

-*s; 


-*ss, 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE, ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC   


e^S  100 


755025  I   4  1664 


HIGHLY  SHEARED 
SL ICKENS IDED 
SURFACES  COMMON 


SHALE :  MODERATE 
TO  HIGH 
SUSCEPTIBILITY 
TO  SLAKING 


ASSUME  LOSS  IN 
LOWER  PART  OF 
RUN 


I  9 


HIGH 

SUSCEPTIBILITY 
TO  SLAKING 


22 


SLICKENS IDED 
SURFACES 


ASSUME  LOSS  IN 
LOWER  PART  OF 
RUN 


HIGHLY  FRACTURED- 
FRACTURE  SPACING 
AVERAGE  =  .!  1 


REMARKS 


RUN  #20  CONT'D 


RUN  #21 


DP=200  PS  I 


OP-0  PS  I 


RUN  #22 


DP-<0  PS  I 


RUN  *25 


LOG  OF  BORING 


PLATE  A-IAD/8 


CLIENT:     CITY  a  COUNTY  OF  SAN  FRANCISCO  (D&M  JOB  185-131-03) 
RICHMOND  TRANSPORT  SEWER 


BORING  NO.. 


30 


PROJECT: 

DRILLING  MF-mnn:  ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 1 
LOCATION  CLEMENT  AND  40th.  AVE.  ELEV.  316 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  ?  


90° 


OF 


ROCK 
TYPE 


zo 


SLlI 


5 


ITTI 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


S<-> 
o  — 


MELANGE 


MINOR  AMOUNT  OF  CALC ITE 
VEINING 


MEDIUM  GRAY  SHALE  MATRIX  WITH 
GRAYWACKE  AND  BLACK  SHALE 
CLASTS 

FINE  GRAINED,  MEDIUM  GRAY 
.GRAYWACKE  _ 


Hi  Cl 
UJ 

UJ  o 

314 


i5* 


-3  — 


-320 


uj 
or 

°>- 
.O 


50 


REMARKS 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE, ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC.) 


ASSUME  LOSS  IN 
LOWER  PART  OF 
RUN 


SHALE  IS 
SHATTERED 


ASSUME  LOSS  IN 
LOWER  PART  OF 
RUN 


TERMINATED  BORING  AT 
ELEV.  -4  FEET.  DEPTH 
IS  320  FEET. 


FR 
SW 
MW 

HW- 

xw 


>-  vw 
w 

MS 

s 

vs 


LOG  OF  BORING 


PLATE  A- IAD/9 


+  130 


+  120 


+  110 


+  100 


+9Q 


+60 


+20 


ATTERBERG 

SHEAR  STRENGTH 
TEST  RESULTS 

CO 

LIMITS 

LABORATORY 

FIELD 

5S.,P 

OTHER  TESTS  8 
INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

NORMAL  OR  CONFINING 
PRESSURE  (PSF) 

PEAK  SHEAR 
STRENGTH (PSF) 

TORVANE  (PSF) 

PENETROMETER (PSF) 

CORING  RATE  (MIN./FT. 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (7< 

SAMPLING  RESISTANCE 
(BLOWS/FT)or(HYD.  PRE: 

GRAB 

112 

GRAB 
U-  1 

1 00 

27 

7 

106 

U-1 

100 

34 

-SA— 
(1%) 

12 

109 

U-  1 

1 00 

52 

~17  ~ 

105 

U-1 

100 

67 

SA 
(1%) 

17 

113 

""17" 

OS/CL 

3500 

2400 

U-1 

80 

51 

24 

~104" 

41 

"UC  — 

—  0~ 

"1810 

u-r 

"100" 

"le- 

SA 

(27%) 

17 

1 14 

DS/Cl 

3900 

367C 

U-1 

100 

ss 

21 

108 

TX/Cl 

"4200 

"3970 

u-r 

"100" 

"34- 

14 

113 

TX/Cl 

4500 

492C 

U-1 

100 

41 

-  50- 
6" 

13 

120 

TX/Cl 

"4700 

200C 

u-r 

"100' 

1  1 

121 

U-1 

100 

100 
6" 

1 1 

10 

1 1 

7 
15 
19 

19 

NX 
NX 
-NX  - 
NX 
NX 

100 
100 

"IS" 
17 
17 
16 
15 
17 

20 
17 
16 

-100- 
100 
100 

21 
20 
19 

if 
15 
17 

NX 
NX 

1 00 
75 

17 

NX 

100 

16 
16 
15 
14 
15 

NX 

100 

—  16  

17 
16 

17 
17 

NX 

100 

15 
16 
18 
17 
17 

NX 

75 

—  19  

16 

NX 

100 

17 
15 
13 
15 

NX 

100 

BORING  31 

DRILLED  8/21-25/78 


-FT 


ELEVAT I  ON  +12S1 


0.2 1   ASPHALT  IC  CONCPETE 


0.5'   CO. CRETE 


GRAY  FINE  SAND   (DUNE  SAND) 


(MEDIUM  DENSE) 
-(WATER  LEVEL,  11/15/78) 
(GRADING  DARK  GRAY-BROWN) 
(MEDIUM  DENSE  TO  DENSE) 


(DENSE) 


DARK  GRAY  AND  ORANGE-BROWN  S I LTY  CLAYEY  FINE 
SAND  (COLMA  FORMAT  ION)  

GRAY  SI LTY  CLAY  WITH  TRACE  OF  FINE  SAND. 
(    BLACK  DECAYED  VEGETATION  (STIFF)  

REDDISH  BROWN  CLAYEY  FINE  SAND  WITH  TRACE 
BLACK  ORGANIC  SPOTS,  IRON  OXIDE  STAINING 
(VERY  DENSE)  

LIGHT  BROWN  FINE  SANDY  S I LTY  CLAY  WITH  ORANGE 
BROWN  MOTTLING,   OCCASIONAL  EXTREMELY  WEATHEREO 
ROUNDED  PEBBLES  (VERY  ST  I FF ) (COLLUV I UM) 
(GRADING  WITH  LARGE  PIECES  OF  HIGHLY  WEATHEREO 
SANDSTONE  £  EL.  +75'  )  


DARK  BROWN  GRAYWACKE,  EXTREMELY  WEATHERED.  VERY 
WEAK,  THICK  BEDDED 

(GRADING  HIGHLY  WEATHERED,  WITH  LIGHT  BROWN 
CLAY-FILLED  SEAMS  ,  WEAK) 


(GRADING  MODERATELY  WEATHEREO,  MODERATELY 
STRONG,  WITH  OCCASIONAL  CLAY-FILLED  SEAMS) 


SHEAR  ZONE.  HIGHLY  WEATHEREO  GRAYWACKE  WITH  A 
CLAY  MATRIX,  WEAK  TO  VERY  WEAK.  SOME  SLICKEN- 
„  SIDED  SHALE  AND  LIGNITE  STRINGERS.  

GRAY  GRAYWACKE,  FRESH  TO  SLIGHTLY  WEATHERED. 
STRONG,  THICK  BEDDED,   RQD  =  80 
(GRADING  MODERATELY  STRONG  AT  EL.  i26') 
(OCCASIONAL  SHALE  LAMINATIONS,   Sl  ICKE.S  IDED) 

(RQD  FALLING  TO  55  ) 


SHEAR  ZONE.  CLAY  AND  SHEARED  SHALE.  EXTREMELY 

s  WEATHERED,  VERY  WEAK,   SLAKES  READILY  

GRAY  GRAYWACKE,   FRESH  TO  SLIGHTLY  WEATHERED. 

STRONG,  THICK  BEDDED,   OCCASIONAL  SHALE 

LAMINATION. 


1.  SAMPLING  RESISTANCE: 

U  DRIVEN  WITH  240#  SLIPJARS  FALLING  18" 

2.  ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED  ON  NEARBY 
SURVEY  BENCHMARKS. 

3.  REFER  TO  THE  FOLLOWING  GEOLOGIC  LOGS  FOR  A  MORE  DETAILED 
DESCRIPTION  OF  THE  BEDROCK. 


LOG  OF  BORING 


DAMES  B  MOORE 


PLATE  A-IAE 


CLIENT :     CITY  a  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 


BORING  NO. 


31 


PROJECT: 


RICHMOND  TRANSPORT  SEWER 


ROTARY  WASH  (NX -CORING)  WITH  REVERT  SLURRY 


DRILLING  METHOD:. 
LOCATION  28th.  AVE.  NEAR  EL  CAMINO  DEL  MAR 


ELEV. 


125 


ANGLE  FROM 
HORIZONTAL  . 

PAGE  !  


90e 


OF 


ROCK 
TYPE 


GRAYWACKE 


OS 
ZO 

IS 


xq 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


MEDIUM  8R0WN,   FINE  GRAINED, 
THICK  BEDDED  WITH  CLAY 
COATING 


HIGHLY  WEATHERED  WITH  A 
CLAYEY  MATRIX 


HIGHLY  WEATHERED  WITH  A 
CLAYEY  MATRIX 


FR  ■ 
SW- 
MW- 
HW- 

xw- 


HIGHLY  WEATHERED  WITH  A 
CLAYEY  MATRIX 

GRADING  FRESHER  (GRAYISH 
BROWN)  WITH  NO  CLAYEY  MATRIX 


CLAYEY  SEAM 


CLAYEY  SEAM 


CP=7400  PSI  -  D 


60  — 


66- 


72. 


48 


7a 


46 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


ROUGH  FRACTURES 
HAVE  DARK  BROWN 
IRON  OXIDE 
STAINING 


EAS ILY  CUT  WITH 
KNI  FE 


EASILY  CUT  WITH 
KNI  FE 

SOME  HIGHLY 
WEATHERED 
CALC ITE 

"some  mechanica" 
breakage 


75  5025  I   4  1664 


100 


JUST  SCRATCH 
WITH  KNIFE 


CALC ITE 
VE INLETS 


THIN  CLAYEY  SEAM 


THIN  CLAYEY  SEAM 


MOST  FRACTURES 
MODERATELY 
_HEALED  WITH 
IRON  OXIDE  OR" 
CALC ITE 


CLAY  COATED 
FRACTURE 


VW 

w 

MS 

S 

vs 


LOG  OF  BORING 


V) 
Old 

—  3 


i  9 


REMARKS 


RUN  #1 

DP  -  100  PSI 


TRICONE  REAM  SET 
NX  CASING 


RUN  #2 


LARGE   INTACT  SECTION 
OF  CORE  DROPPED. 
"BROKE  ALONG  SEMI-  ~ 
HEALED  FRACTURES.  RQD 
BETTER  THAN  CORE 
DEMONSTRATES 


RUN  »4 

DP  -  ISO  PSI 


PLATE  A-IAE/I 


CLIENT :     CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 

PROJECT:    RICHMOND  TRANSPORT  SEWER  

DRILLING  MFTunn  ROTARY  WASH  (NX -CORING)  WITH  REVERT  SLURRY 


BORING  NO.. 


ANGLE  FROM 
HORIZONTAL  - 


90° 


LOCATION 


28th.  AVE.  NEAR  EL  CAMINO  DEL  MAR 


ELEV. 


125 


PAGE. 


OF 


ROCK 
TYPE 


5 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


CP=8400  PSI  -  D 


CP=7800  PSI  -  D 


HIGHLY  WEATHERED  WITH  CLAYEY 
MATRIX 


SOME  ORGANIC  STREAKS  (COAL) 


CLAY  STRINGERS  ALONG  FAULT 
CONTACT 

GRAYWACKE  FRESH  (GRAY)  BELOW 
CLAYEY  FAULT  CONTACT 


38  _ 


92- 


32 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC  )  


FRACTURES  ROUGH 
WITH  IRON  OXIDE 
COATING 


SOME  MECHANICAL 
8REAKAGE 


SANDY  CLAY 
-COATINGS  ON 
FRACTURES 


SANDY  CLAY 
COATINGS  ON 
FRACTURES 


SHEAR  ZONE 


ASSUME  CORE  LOSS 
IN  SHEAR  ZONE 


SLICKENS IDED 
SHALE  AND 
CARBONACEOUS 
MATERIAL, 
MODERATE 
SUSCEPTIBILITY 
TO  SLAKING. 
CLAY  MATRIX 
MAKES  FAULT 
ZONE  COHESIVE 


CO 
ZK 
JZ 

g5 


LOG  OF  BORING 


2 ; 


16 


REMARKS 


RUN 
DP  = 


>4  (CONT.) 
150  PSI 


RUN  #5 

DP  =  150  PSI 


RUN  =6 

DP  =  200  PS  I 


RUN  «7 

DP  -  200  PS  I 


RUN  '8 

OP  -200  PSI 


DAMB8  0  MOOR  I 


PLATE  A-IAE/2 


CLIENT : 

PROJECT: 

DRILLING 

LOCATION 


CITY  8  COUNTY  OF  SAN  FRANCISCO  (DSM  JOB  185-131-03) 

RICHMOND  TRANSPORT  SEWER  

METHOD :         ROTARY  WASH  (NX-CORING)  WITH  REVERT  SLURRY 


BORING  NO. 


31 


28th.  AVE.  NEAR  EL  CAMINO  DEL  MAR 


ELEV. . 


125 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  1  


90° 


OF 


ROCK 
TYPE 


GRAYWACKE 


OS 
ZO 
CE 


$S2 


5 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE.TEXTURE, 
MINERALOGY,  BEDDING /FOLIATION.  ETC.) 


FR  J 
SW— 1 
M* 
HW 
XW 


MINOR  CALCITE  VE INLETS 


CP=800  PSI  -  D     CP=1100  PSI  -  A 


CP=2203  PSI  -  D  CP=1900  PSI  -  A 


SHALE  LAMINATION 


'  CP=2600  PSI  -  D    CP=1900  PSI  -  A 


CP=700  PSI  -  D 


CP=800  PSI  -  D 


98 


26 


16 


>  M! 


112 


100 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE ,  ORIENTATION, 
ALTERATION,  ROUGHNESS 
COATING,  ETC.)  


GRADING  WEAKER 
BECAUSE  OF 
NUMEROUS 
MODERATELY 
HEALED  FRACTURES 


SL IGHTLY 
" WEATHERED 
FRACTURE 
SURFACES 


PYRITE  CRYSTALS 
ON  FRACTURES 


NUMEROUS 
MODERATELY 
HEALED  FRACTURES 


SHALE  LAMINATION 


SOME  MECHANICAL 
BREAKAGE 


SL I CKENS I DED 
CHLORITE  AND 
SHALE  COATINGS 
ON  FRACTURES  _ 


75  50  26  I   4  16  64 


•  S 

•  vs 


LOG  OF  BORING 


IE 


REMARKS 


RUN  #8  (CONT. 


RUN  #9 

DP  =  0  PSI 


RUN  #10 
DP  =  0  PSI 


RUfl  #11 

DP  -  150  PSI 


DAMES  O  MOOR  E 


PLATE  A-IAE/3 


CLIENT: 
PROJECT: 
DRILLING  METHOD  •* 


CITY  a  COUNTY  OF  SAN  FRANCISCO  (D&M  JOB  185-131-03) 


BORING  NO.. 


31 


RICHMOND  TRANSPORT  SEWER 


ROTARY  WASH  (NX -CORING)  WITH  REVERT  SLURRY 


LOCATION 


28th.  AVE.  NEAR  EL  CAMINO  DEL  MAR 


ELEV. 


125 


ANGLE  FROM 
HORIZONTAL  - 

PAGE  ^  


90° 


OF 


ROCK 
TYPE 


-3 


Fuj 


GRAYWACKE 


FR 
SW — 1 
MW 
HW 
XW 


DESCRIPTION 
OF 

ROCK  MATERIAL 

(COLOR, GRAIN  SIZE, TEXTURE, 
MINERALOGY,  BEDDING/FOLIATION,  ETC.) 


CP=700  PSI  -  D  CP=1100  PSI 
CP=1600  PSI  -  D 


CP=3100  PSI  -  D 
CP=3800  PSI  -  D 

CP=2100  PSI  -  D  CP=3300  PSI  -  A 
WEATHERED  CLAY 


SHEARED  SHALE 


CP=1300  PSI  -  D  CP=1500  PSI  -  A 
CP=1800  PSI  -  D 


CP=2000  PSI  -  D  CP=400  PSI  -  A 
CP=1300  PSI  -  D 


120 


122 


100 


SL  ICKENS  IDED 
CHLORITE 
AND  SHALE 


SOME  MECHANICAL 
BREAKAGE 


100 


DESCRIPTION 
OF 

ROCK  DEFECTS 

(TYPE,  ORIENTATION, 
ALTERATION,  ROUGHNESS, 
COATING,  ETC.)  


HIGHLY  WEATHERED 
CLAY  SHEAR  ZONE 


_GRADING  TO 
"SHEARED  SHALE 
HIGH 

SUSCEPT I  8  I L I TY 
TO  SLAKING 


CLAYEY  SAND 
COATINGS  ON 
FRACTURES 

"MODERATELY  HEALED 
SHEAR  ZONE 


NUMEROUS 

MODERATELY  HEALED 
FRACTURES 


SL ICKENS IDED 
SHALE  


75  50  25  I   4  16  64 


V) 

~h- 
_o 

JZ 
IT  5 


L  vw 
>—  w 

MS 

s 

vs 


LOG  OF  BORING 


REMARKS 


RUN  #1 1   (CONT. ) 


RUN  1*13 


TERMINATION  OF  BORING 
ELEV.  +3'  .  DEPTH  122'. 


PLATE  A-IAE/4 


+260 


+250 


+240 


+220 


5+210 


+200 


+  180 


+J70 


OTHER  TESTS  8 
INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATE  (MIN./FT.) 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (%) 

SAMPLING  RESISTANCE 
(BLOWS/FT)or(HYD.PRESS.,PSI) 

LABORATORY 

FIELD 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

NORMAL  OR  CONFINING 
PRESSURE  (PSF) 

PEAK  SHEAR 
STRENGTH (PSF) 

TORVANE  (PSF) 

PENETROMETER  (PSF) 

10 
13 

-NX  — 

-  50 

—  15  — 
14 
16 

BORING  32 

DRILLED  8/28/78 


ELEVATION  +254' 


MSB 


SP 


SM 


CONCRETE  PAVEMENT,  6" 


BROWN  FINE  SAND  (DIME  SAND) 


DARK  GRAY- BROWN  SILTY  FINE  SAND  (COLMA 
FORMAT  ION) 

(LESS  SILTY  BETWEEN  EL.  +215  AND  +213) 
(GRADING  DARK  REDDISH  BROWN) 


(GRADING  LIGHT  GRAY ) 


(COLLUVIUM) 
"SHE 


LIGHT  GRAY  CLAYEY  FINE  SAND 

(GRADING  ORANGE-BROWN. WITH  SHALE  FRAGMENTS) 
DARK  GRAY  TO  BLACK  SHALE  (FRANCISCAN  MELANGE) 

HIGHLY  FRACTURED  WITH  BROWN  AND  LIGHT  GRAY 

CLAY  MATRIX.  HIGHLY  WEATHERED,   VERY  WEAK. 

SL ICKENS IDED. 


1.  ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED  ON  NEARBY 
SURVEYED  BENCHMARKS. 

2.  WATER  LEVEL  NOT  MEASURED 


LOG  OF  BORING 


PLATE  A-IAF 


+250 


+240 


+230 


+220 


+200 


OTHER  TESTS  a 
INFORMATION 

MOISTURE  CONTENT  (%) 

DRY  DENSITY  (PCF) 

ATTERBERG 
LIMITS 

SHEAR  STRENGTH 
TEST  RESULTS 

CORING  RATE  (MIN./FT.) 

SAMPLER  TYPE 

SAMPLER  RECOVERY  (%) 

SAMPLING  RESISTANCE 
(BLOWS/FT)or(HYD.  PRESS..PSI) 

LABORATORY 

FIELD 

LIQUID  LIMIT 

PLASTIC  LIMIT 

TYPE  OF  TEST 

NORMAL  OR  CONFINING 
PRESSURE  (PSF) 

PEAK  SHEAR 
STRENGTH (PSF) 

TORVANE  (PSF) 

PENETROMETER (PSF) 

5 
6 
5 

NX 

70 

5 
7 
5 
5 

6 

NX 

84 

BORING  33 

DRILLED  7/27/78 


NOTES: 


1.  ELEVATIONS  REFER  TO  S.F.  DATUM  AND  ARE  BASED  ON  NEARBY 
SURVEYED  BENCHMARKS. 

2.  WATER  LEVEL  NOT  MEASURED 


ELEVATION  +252' 


CONCRETE  PAVEMENT,  9" 


YELLOW- BROWN  FINE  SAND  ( DUNE  SAND) 
(GRADING  DARK  BROWN) 


LIGHT  BROWN-YELLOW  CLAYEY  FINE  SAND 
(COLMA  FORMATION?) 


GRAY  SANDSTONE  AND  SILTSTONE,    I NTERBEDDEO 
(GREAT  VALLEY  BEDROCK) ,   MODERATELY  TO 
HIGHLY  FRACTURED,   RQD  =  0  TO  50.  SANDSTONE 
IS  FRESH  TO  MODERATELY  WEATHERED,  STRONG 
SILTSTONE   IS  HIGHLY  TO  EXTREMELY  WEATHERED. 
WEAK  TO  VERY  WEAK.  


LOG  OF  BORING 


DAMES  B  MOORS 


PLATE   A- 1  AG 


DESCRIPTION 

MAJOR  DIVISIONS 

k 

H 

HELL-GRAOED  GRAVELS  OR  SRA VE(. -SAND 

N  1  J [ U  K  t  b  ,    LllILt  OH  HU  Tints 

CLEAN  GRAVELS 
(Uttlt  or  no  flntt) 

it. 

IX 

t S-2  »  5 • 

^    S  w 

0 

uj  So 

5  -s  1 

5 1:  « 
8"  f! 

^      «  Cat                 S  ■» 

O  12  S;. 

•  f 

If 

•OOALT-taADED  GRAVELS  01  GAAVEL-SANO 
Ml ITUAES .  LITTLE  OR  AO  FINES 

SH 

SILTT  (RAVELS,  GRAVEL-SAMD-SILT 
MIITUAES 

GRAVELS  WITH 
FINES 
(approclablt  taount 
of  flntl) 

CLATEY  GRAVELS i  6RAVEL-SAN0-CLAT 
NUTURES 

SU- 

• ELL-GRAOEO  SAND  OR  6RAVELLT  SANDS , 
LITTLE  OR  NO  FINES 

CLEAN  SANDS 
(llttla  or  no  flntl) 

to  <Z""  " 
Z  5*tjS  ■  m  ■ 

SP 

•OORL'-SAAOEO  SANDS  OR  GRAVELLY  SANDS , 
LITTLE  OR  NO  FINES 

sn 

SILTT  SANDS ,  SAND-SILT  MIXTURES 

SAND  KITH  FINES 
UpprtcUblt  mount  of 
flntl) 

sc 

CLAYEY  SANOS,  SAND-CLAY  MIXTURES 

in 

INORGANIC  SILTS  AND  VERY  FINE  SANDS , 
ROCK  FLOUR.  SILTT  OR  CLAYEY  FINE 
SANOS  OR  CLAYEY  SILTS  WITH  SLIGHT 
PLASTICITY 

SILTS  AND  CLAYS 

LIQUID  LIMIT  LESS  THAN  50 

3  jjjj  3{" 

8  p  =| 

uj  =~       ■ ; 

1  fac 

UJ  „3 

in 

l 

CL 

INORGANIC  CLAYS  OF  LOW  TO  MEDIUM 
PLASTICITY,  GRAVELLY  CLAYS ,  SANDY 
CLAYS,  SILTT  CLAYS,  LEAN  CLAYS 

ifi 

OL 

ORGANIC  SILTS  AND  ORGANIC  SILT-CLAYS 
OF  LOU  PLASTICITY 

MX 

INORGANIC   SILTS,    MICACEOUS  OR 
OIATOMACEOUS  FINE  SANDT  OR  SILTT 
SOILS  ,  ELASTIC  SILTS 

SILTS  AND  CLAYS 

LIQUID  LIMIT  GREATER  THAN  SO 

CM 

INORGANIC  CLAYS  OF  HIGH  PLASTICITY, 
FAT  CLAYS 

OM 

ORGANIC  CLAYS  OF  MEDIUM  TO  HIGH 
PLASTICITY,  ORGANIC  SILTS 

p 

•1 

PEAT  ANO  OTHER  HIGHLY  ORGANIC  SOILS 

HIGHLY  ORGANIC  SOILS 

SOIL  CLASSIFICATION 
CHART 

UNIFIED 
SOIL  CLASSIFICATION  SYSTEM 


SYMBOL 

TYPE  OF  TEST 

M 

MOISTURE 

QD 

QUICK  MD  TEST  BASED  ON  ASSUMED  SPECIFIC  GRAVITY 

MO 

MOISTURE-DENS ITY 

CD 

CHUNK  DENSITY  ON  BULK  SAMPLE 

RD 

RELATIVE  DENSITY 

COMf 

COMPACTION  CURVE 

C  1 

CALIFORNIA  IMPACT 

CC 

COMPACTED  CORE 

G 

SPECIFIC  GRAVITY 

PH 

HYDROGEN   ION  CONCENTRATION 

MA 

(10%) 

MECHANICAL  ANALYSIS* 

(INDICATES  PERCENT  PASSING  #200  SIEVE) 

SA 

(10%), 

SIEVE  ANALYSIS  (+200  ONLY) 

(INDICATES  PERCENT  PASSING  #200  SIEVE) 

HA 

HYDROMETER  ANALYSIS  (-200  ONLY) 

AL 

ATTERBERG  LIMITS  (LL  £•  PL) 

SL 

SHRINKAGE  LIMIT 

FS 

FREE  SWELL 

SS 

SHR 1 NK-SWELL 

EXP 

EXPANS 1  ON 

C 

CONSOLIDATION 

VC 

VIBRATING  CONSOLIDATION 

P 

PERMEABILITY 

UC 

UNCONF 1  NED  COMPRESS  ION 

FRICTION  TEST 

F/UU 

1.  UNCONSOL 1  DATED- UNO RA 1  NED 

F/CU 

2.  CONSOL 1  DATED- UNDRA 1  NED 

F/CU/Mj 

3.  CU/MULT IPHASE** 

F/CU/PP 

4.  CU/WITH  PORE  PRESSURE  MEASUREMENTS 

F/CD 

5.  CONSOLIDATED-DRAINED 

DIRECT  SHEAR  TEST 

os/uu 

1 .  UNSOL 1  DATED  -  UNDRA 1  NED 

os/cu 

2.  CONSOL 1  DAT ED- UNDRA 1  NED 

OS/CD 

3.  CONSOLIDATED-DRAINED 

DS/CD/M$ 

4.  CD/MULTIPHASE  ** 

LV 

TORVANE  SHEAR  (LAB  VANE  SHEAR) 

ED 


EE] 


0  10         20  30         40         50  eo  TO         M         N  100 

LIQUID  LIMIT 


PLASTICITY  CHART 


LSI 
□ 

a 

E3 

I 


*  INCLUDES  COMPLETE  ANALYS IS,  S IEVING  AND  HYDROMETER 
**  SERIES  OF  TESTS  RUN  ON  SAMPLE 


D  -  DAMES  £•  MOORE ,  TYPE  D  SAMPLER 

P  -  DAMES  £,  MOORE  PISTON  SAMPLER 

U  -  DAMES  t  MOORE  TYPE  U  SAMPLER 

PT  -  PITCHER  TUBE  SAMPLER 

NX  -  NX  CORE  SAMPLER 

TW  -  OAMES  S.  MOORE  TYPE  U  SAMPLER 
WITH  THIN  WALL  ATTACHMENT 

SPT  -  STANDARD  PENETRATION  TEST  SAMPLER 

ST  -  SHELBY  TUBE  SAMPLER 


INDICATES  DEPTH  OF  UNDISTURBED  SAMPLE 

INDICATES  DEPTH  OF  DISTURBED  SAMPLE 

INDICATES  DEPTH  OF  SAMPLING  ATTEMPT 
WITH  NO  RECOVERY 

INDICATES  DEPTH  OF  STANDARD  PENETRATION  TEST 

INDICATES  DEPTH  OF  STANDARO  PENETRATION 
TEST  WITH  NO  RECOVERY 

INDICATES  DEPTH  t  LENGTH  OF  CORING  RUN 
INDICATES  DEPTH  OF  FIELD  VANE  SHEAR  TEST 
NOTE: 

UNLESS  OTHERWISE  NOTED  SAMPLING  RESISTANCE 
IS  MEASURED  IN  BLOWS  PER  FOOT  REQUIRED  TO  DRIVE 
SAMPLER  12- INCHES  AFTER  SAMPLER  HAS  BEEN  SEATED 
6-INCHES.    THE  WEIGHT  &  DROP  OF  THE  DRIVING 
MECHANISM  IS  NOTED  ON  EACH  LOG  OF  BORING. 

KEY  TO  SAMPLES 


SOIL  CLASSIFICATION  CHART 
AND 

KEY  TO  TEST  DATA 


KEY  TO  SAMPLERS 


PLATE  A-2A 


GRAPHIC  LOG 


n 


Sim 


If 


SANDSTONE 
GRAYWACKE 
SILTSTONE 


BEDDED  CHERT 
GREENSTONE 


5cT 


FRACTURE  ORIENTATION 


SHALE 


BRECCIA  -  MAY  APPLY  TO  ANY 
ROCK  TYPE  SHOWN 
ABOVE i 


SHEAR  ZONE 


DEGREE  OF  WEATHERING 


ABBREVIATION 


TERM 
FRESH 


DESCRIPTION 


THE  ROCK  SHOWS  NO  DISCOLORATION,  LOSS 
OF  STRENGTH  OR  ANY  OTHER  EFFECT  DUE  TO 
WEATHERING. 


SLIGHTLY  WEATHERED 


THE  ROCK  IS  SLIGHTLY  DISCOLORED,  BUT 
NOT  NOTICEABLY  LOWER  IN  STRENGTH  THAN 
THE  FRESH  ROCK, 


MODERATELY  WEATHERED  THE  ROCK  IS  DISCOLORED  AND  NOTICEABLY 
WEAKENED,   BUT  2-INCH  DIAMETER  DRILL 
CORES  CANNOT  USUALLY  BE  BROKEN  UP  BY 
 HAND,  ACROSS  THE  ROCK  FABRIC.  ■ 


HW 


HIGHLY  WEATHERED 


THE  ROCK  IS  USUALLY  DISCOLORED  AND 
WEAKENED  TO  SUCH  AN  EXTENT  THAT  2- INCH 
DIAMETER  CORES  CAN  BE  BROKEN  UP  READILY 
BY  HAND  ACROSS  THE  ROCK  FABRIC.  WET 
STRENGTH  USUALLY  MUCH  LOWER  THAN  DRY 
STRENGTH,   


EXTREMELY  WEATHERED 


ROCK  IS  DISCOLORED  AND  IS  ENTIRELY 
CHANGED  TO  A  SOIL  BUT  THE  ORIGINAL 
FABRIC  OF  THE  ROCK  IS  MOSTLY  PRESERVED . 
THE  PROPERTIES  OF  THE  SOIL  DEPEND  UPON 
THE  COMPOSITION  AND  STRUCTURE  OF  THE 
PARENT  ROCK. 


STRENGTH 


ABBREVIATION 


unconf i  ned  compressive  strength 
1,000  psi 


1,000  -  3,000  psi 


MS 


MODERATELY  STRONG         3,000  -  10,00G  PSI 


10,000  -  25,000  psi 


VERY  STRONG 


25,000  psi 


COMPRESSIVE  STRENGTH  BY  POINT  LOAD  TESTS 

CP  =  11,200  PSI-D  (DIAMETRAL  TEST) 
-A  (AXIAL  TEST) 


BEDDING  CHARACTERISTICS 


AVERAGE  BED  THICKNESS 

TERM 

0,001  FOOT 
0,001  TO  0,01  FOOT 
0.01    TO  0,1  FOOT 
0.1      TO  1,0  FOOT 

1.0  FOOT 

THINLY  LAMINATED 
LAMINATED 
THIN  BEDDED 
MEDIUM  BEDDED 
THICK  BEDDED 

CORE  RECOVERY  (%)  : 

THE  HORIZONTAL  LINES  SHOW  THE  LENGTH  OF  EACH  CORE  RUN,  THE  NUMBER  REPRESENTS 
THE  AMOUNT  OF  CORE  RECOVERED  IN  EACH  RUN  EXPRESSED  AS  A  PERCENTAGE  OF  THE 
TOTAL  LENGTH  OF  THE  CORE  RUN. 

ROCK  QUALITY  DESIGNATION  (ROD)  : 

A  MODIFIED  CORE  RECOVERY  PERCENTAGE   IN  WHICH  ONLY  THE  PIECES  OF  SOUND  CORE  OVER 
^-INCHES  LONG  ARE  COUNTED  AS  RECOVERY.  THE  MODIFIED  SUM  OF  CORE  RECOVERED  IS 
EXPRESSED  AS  A  PERCENTAGE  OF  THE  TOTAL  LENGTH  OF  THE  CORE  RUN . 


NOTE: 


THE  DISCUSSION  IN  THE  TEXT  OF  THE  REPORT  IS  NECESSARY  FOR  A  PROPER 
UNDERSTANDING  OF  THE  NATURE  OF  THE  SUBSURFACE  MATERIALS. 


ROCK  CLASSIFICATION  CHART  AND  KEY  TO  GEOLOGIC  LOGS 
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BORING 

DEPTH 

SOIL  TYPE 

%  FINES 

PERMEABILITY 

d 

cm/ t  e  c 

3 

120 

COLMA 

17.2 

2xl0-7 

7 

85' 

,, 

12.4 

2x10-6 

q 

6  2 

2  v 1 0"  5 

12 

1Z1 

1  •  J 

7  w  1  r> —  4 
f  X  10 

1  A 
14- 

1 v 1 n-6 

lb 

1  7  A  ' 
lit) 

i  i  o 

o  v  1  n  -  3 

z  u 

9  7  * 
Z  / 

*?  /■  Q 

i  u-  i  n  —  f> 

z  u 

A  1  ' 
4  1 

£i  i  o 

1  v  1  n  —  7 

J-  X  XU  ■ 

z  1 

IOC' 

125 

5  .  J 

2  X  10 

O  1 

2  1 

140  1 

5  .  4 

2  X  10  ** 

22 

Oil 

<L  ±  .  J. 

Ov 1 n  —  4 

<i  X  1U 

OA. 

an ' 

o  u 

14  0 

Oyi o-8 

0  «\ 

7  A  ' 

14  4 

o Y 1 n~7 

25 

91 ' 

O  7  1 

2  f  .  1 

Q  w  A  r\  —  ~7 
O  X  10  1 

26 

56  < 

25  .7 

2x  10 

- 

•a  q  ' 
3  9 

Till  MP 

UU  NL 

■a  1 

9  v  1  n  —  3 

10 

35  ' 

1.4 

4x10-3 

24 

55' 

2.4 

2x10-3 

24 

65' 

7.3 

1x10-5 

25 

46' 

<1 

7x10-4 

26 

41 1 

5.1 

5x10-4 

PERMEABILITY  TEST  RESULTS 
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PLATE   A- 5 


"OILY" 

FRANCISCAN 

FRANCISCAN 

FRANCISCAN 

GT.  VALLEY 

SAMPLE 

SUBSTANCE 

CHAT  F 

CU  AT  T7 
OHflJ  id 

CU  AT  V 

on  A_L  L 

BORING/DEPTH(Ft.) 

13/300+ 

27/88 

28/300 

28/227 

15/135 

Detectable  Odor 

No 

No 

No 

No 

No 

Evidence  of  Crystalline(l) 

No 

Yes 

Yes 

Yes 

ICO 

Structure  (X-Ray  Diffract) 

Volatile  Fraction  @  500°c(2) 

94.0 

NM 

NM 

NM 

NM 

(after  drying) 

Carbon( 3) 

51.88 

0.61 

0.69 

0.72 

1.74 

Hydrogen  (after  drying) (3) 

6.01 

1.01 

1 .06 

0 . 98 

0 . 58 

Carbon           After  HCL 

46.77 

0.47 

0. 54 

0.55 

0. 68 

Hydrogen        treatment** (3) 

5.58 

2.44 

2. 24 

1.87 

1.31 

Sulf ate(S04) (2) 

<0.0050 

NM 

NM 

NM 

NM 

Other  Elements ( 3) , (4) 

Silicon 

0.0998 

25. 

24. 

24. 

24. 

Iron 

0.0998 

3.5 

5.2 

4.3 

6.5 

Aluminum 

0.0396 

11 . 

8.2 

11 . 

10. 

Magne  s  ium* 

0.0690 

8.3 

12. 

7.2 

3.5 

Calcium* 

0.0590 

1.2 

1.6 

1 . 6 

0.85 

Chromium 

0.0012 

0.12 

0.15 

0.067 

0.014 

Nicke 1 

0. 0050 

0.12 

0.11 

0.067 

0 . 008 1 

Ti  tanium 

0.0036 

0.18 

0.33 

0.39 

0.42 

Barium 

0.0010 

TR<0. 10 

ND<0. 10 

TR<0 .10 

TR<0 .10 

0. 0009 

0.0029 

0.0019 

0 . 002  5 

0. 007  5 

L°adn 

0 .0144 

TRX0.01 

TR<0 .01 

TR<0 . 01 

Gs  Ilium 

NM 

ND<0.003 

TR<0.003 

0.011 

0.012 

1  IdHgd  Lltlb  c 

NM 

0. 065 

0.049 

0.062 

0.046 

VflnSCiiuill 

NM 

0.0071 

0.0099 

0.0097 

0.013 

Poring  t* 

0.0155 

0.0054 

0.011 

0.0075 

0. 0073 

Sodium 

0.0245 

0.62 

1.4 

2.9 

4.4 

Zirconium 

NM 

0.0081 

0.011 

0.014 

0.016 

Cobalt 

NM 

0.015 

0.021 

0.012 

0.0056 

Potassium 

NM 

TR<0.10 

TR<0. 10 

0.97 

4.6 

Strontium 

NM 

0.029 

0.047 

0.044 

0.064 

Silver 

TR<0.0001 

nil 

nil 

nil 

nil 

Tin 

0.0016 

nil 

nil 

nil 

nil 

Phosphorous* 

0.0220 

nil 

nil 

nil 

nil 

Zinc* 

0.0770 

nil 

nil 

nil 

nil 

Other  Elements 

NM 

nil 

nil 

nil 

nil 

All  measurements  in  %  weight 

*    Elements  normally  found  in  refined  oil  additives 
**  To  remove  carbonate  minerals  if  present 
NM=  Not  measured;  TR=Trace;  ND=None  detected 

(1)  University  of  California,  Berkeley 

(2)  Pacific  Environmental  Laboratory,  San  Francisco 
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(4)  Elek  Microanalytical  Laboratories,  Torrance 
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PLATE  A-8F 


PLATE  A- 9 


VALVE 
CLOSED 


(b) 

DIAGRAMMATIC    SKETCH   OF    PITCHER  SAMPLER 

(o)  SAMPLE  TUBE  SUSPENDED  FROM  CORE  BARREL 
WHILE  BEING  LOWERED  INTO  HOLE. 

(b)  TUBE  FORCED  INTO  SOIL  AHEAD  OF  CORE 
BARREL. 


PLATE  A-IO 


Method  Of  Performing  Direct  Shear  and  Friction  Tests 


Direct  shear  tests  are  performed  to  determine 
the  shearing  strengths  of  soils.  friction  tests 
are  performed  to  determine  the  frictional  re- 
sistances between  soils  and  various  other  mate- 
rials such  as  wood,  steel,  or  concrete.  the  tests 
are  performed  in  the  laboratory  to  simulate 
anticipated  field  conditions. 

each  sample  is  tested  within  three  brass  rings, 
two  and  one-half  inches  in  diameter  and  one  inch 
in  length.  undisturbed  samples  of  in-place  soils 
are  tested  in  rings  taken  from  the  sampling 

device  in  which  the  samples  were  obtained.  loose  samples  of  soils  to  be  used  in  con- 
structing earth  fills  are  compacted  in  rings  to  predetermined  conditions  and  tested. 


DIRECT  SHEAR  APPARATUS  WITH 
ELECTRONIC  RECORDER 


Direct  Shear  Tests 

a  three-inch  length  of  the  sample  is  tested  in  direct  double  shear.  a  constant  pres- 
sure, appropriate  to  the  conditions  of  the  problem  for  which  the  test  is  being  per- 
formed, is  applied  normal  to  the  ends  of  the  sample  through  porous  stones.  a  shearing 
failure  of  the  sample  is  caused  by  moving  the  center  ring  in  a  direction  perpendicular 
to  the  axis  of  the  sample.  transverse  movement  of  the  outer  rings  is  prevented. 

The  shearing  failure  may  be  accomplished  by  applying  to  the  CENTER  RING  EITHER  a 
constant  rate  of  load,  a  constant  rate  of  deflection,  or  increments  of  load  or  de- 
flection, in  each  case,  the  shearing  load  and  the  deflections  in  both  the  axial  and 
transverse  directions  are  recorded  and  plotted.  the  shearing  strength  of  the  soil 
is  determined  from  the  resulting  load-deflection  curves. 

Friction  Tests 

in  order  to  determine  the  frictional  resistance  between  soil  and  the  surfacesof  various 
materials,  the  center  ring  of  soil  in  the  direct  shear  test  is  replaced  by  a  disk  of  the 
material  to  be  tested.  the  test  is  then  performed  in  the  same  manner  as  the  direct 
shear  test  by  forcing  the  disk  of  material  from  the  soil  surfaces. 


DAMES  B.  MOORE 


PLATE  A- 1 1 


Methods  of  Performing  Unconfined  Compression  and  Triaxial  Compression  Tests 


The  shearing  strengths  of  soils  are  determined 
from  the  results  of  unconfined  compression  and 
triaxial  compression  tests.  in  triaxial  compres- 
sion tests  the  test  method  and  the  magnitude  of 
the  confining  pressure  are  chosen  to  simulate 
anticipated  field  conditions. 

Unconfined  compression  and  triaxial  compression 
tests  are  performed  on  undisturbed  or  remolded 
samples  of  soil  approximately  six  inches  in  length 
and  two  and  one -half  inches  in  diameter.  the  tests 
are  run  either  strain-controlled  or  stress- 
controlled,  in  a  strain-controlled  test  the 
sample  is  subjected  to  a  constant  rate  of  deflec- 
tion and  the  resulting.  stresses  are  recorded.  in 
a  stress-controlled  test  the  sample  is  subjected 
to  equal  increments  of  load  with  each  increment 
being  maintained  until  an  equilibrium  condition 
with  respect  to  strain  is  achieved. 


TRIAXIAL  COMPRESSION  TEST  UNIT 


Yield,  peak,  or  ultimate  stresses  are  determined 
from  the  stress-strain  plot  for  each  sample  and 

the  principal  stresses  are  evaluated.  the  principal  stresses  are  plotted  on  a  mohr's 
circle  diagram  to  determine  the  shearing  strength  of  the  soil  type  being  tested. 

Unconfined  compression  tests  can  be  performed  only  on  samples  with  sufficient  cohe- 
sion so  that  the  soil  will  stand  as  an  unsupported  cylinder,  these  tests  may  be  run  at 

NATURAL  MOISTURE  CONTENT  OR  ON  ARTIFICIALLY  SATURATED  SOILS. 

IN  A  TRIAXIAL  COMPRESSION  TEST  THE  SAMPLE  IS  ENCASED  IN  A  RUBBER  MEMBRANE,  PLACED  IN  A 
TEST  CHAMBER,  AND  SUBJECTED  TO  A  CONFINING  PRESSURE  THROUGHOUT  THE  DURATION  OF  THE 
TEST.  NORMALLY,  THIS  CONFINING  PRESSURE  IS  MAINTAINED  AT  A  CONSTANT  LEVEL,  ALTHOUGH  FOR 
SPECIAL  TESTS  IT  MAY  BE  VARIED  IN  RELATION  TO  THE  MEASURED  STRESSES.  TRIAXIAL  COMPRES- 
SION TESTS  MAY  BE  RUN  ON  SOILS  AT  FIELD  MOISTURE  CONTENT  OR  ON  ARTIFICIALLY  SATURATED 
SAMPLES.   THE  TESTS  ARE  PERFORMED  IN  ONE  OF  THE  FOLLOWING  WAYS: 

UNCONSOLIDATED-UND RAINED:   THE  CONFINING  PRESSURE  IS  IMPOSED  ON  THE  SAMPLE 

at  the  start  of  the  test.  no  drainage  is  permitted  and  the  stresses  which 
are  measured  represent  the  sum  of  the  intergranular  stresses  and  pore 
water  pressures. 

Consolidate d-undrained:  the  sample  is  allowed  to  consolidate  fully  under 
the  applied  confining  pressure  prior  to  the  start  of  the  test.  the  volume 
change  is  determined  by  measuring  the  water  and/or  air  expelled  during 
consolidation.  no  drainage  is  permitted  during  the  test  and  the  stresses 
which  are  measured  are  the  same  as  for  the  un  consolidate  d-undrained  test. 

drained:  the  intergranular  stresses  in  a  sample  may  be  measured  by  per- 
forming a  drained,  or  slow,  test.  in  this  test  the  sample  is  fully  saturated 
and  consolidated  prior  to  the  start  of  the  test.  during  the  test,  drainage 
is  permitted  and  the  test  is  performed  at  a  slow  enough  rate  to  prevent 
the  buildup  of  pore  water  pressures.  the  resulting  stresses  which  are  meas- 
ured represent  only  the  intergranular  stresses.  these  tests  are  usually 
performed  on  samples  of  generally  non-cohesive  soils,  although  the  test 
procedure  is  applicable  to  cohesive  soils  if  a  sufficiently  slow  test  rate 

IS  USED. 

AN  ALTERNATE  MEANS  OF  OBTAINING  THE  DATA  RESULTING  FROM  THE  DRAINED  TEST  IS  TO  PER- 
FORM AN  UNDRAINED  TEST  IN  WHICH  SPECIAL  EQUIPMENT  IS  USED  TO  MEASURE  THE  PORE  WATER 
PRESSURES.  THE  DIFFERENCES  BETWEEN  THE  TOTAL  STRESSES  AND  THE  PORE  WATER  PRESSURES 
MEASURED  ARE  THE  INTERGRANULAR  STRESSES. 


DAME! 
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APPENDIX  B 

ROUTE  SELECTION  BY  COMPUTER  MODELING  (GIMS) 


B1.0  INTRODUCTION 

This  Appendix  presents  the  results  of  a  study  prepared  by  the  Planning 
Systems  Group  of  Dames  &  Moore  to  optimize  route  selection  for  the  Richmond 
Transport  Sewer  tunnel.  Section  B2.0  includes  descriptions  of  the  method- 
ology and  the  Geographic  Information  Management  System  (GIMS)  used  for 
our  analysis.  Section  B3.0  outlines,  step-by-step,  all  trial  route  analyses 
which  led  to  the  final  route  configuration  shown  on  Plate  B-l . 

The  objective  of  this  task  was  to  study  route  selection  by  a  method 
known  as  overlay  suitability  mapping,  described  in  this  Appendix.  It  was 
expected  that  in  approaching  the  problem  of  route  selection  from  an  entirely 
new  direction,  the  results  would  either  support  or  disqualify  routes  selected 
on  the  basis  of  the  geotechnical  investigation,  thereby  lending  more  "depth" 
or  credibility  to  the  final  "best"  route  chosen.  In  general,  the  results  of 
the  GIMS  analysis  support  the  choice  of  the  Preferred  Route  described  in  the 
main  report  of  the  geotechnical  investigation. 

B2.0    METHOD  OF  ANALYSIS 

B2.1  General 

The  method  of  overlay  suitability  mapping  involves  first  identifying 
the  major  issues  of  concern  which  influence  the  suitability  of  any  particular 
route.  Information  (source  data)  required  to  define  these  issues  is  then 
chosen,  and  maps  are  prepared  which  show  the  geographical  distribution  of 
this  source  data.  The  various  Source  Data  Maps  can  then  be  modified  or 
combined  as  desired  to  produce  what  are  called  Derived  Maps,  directly  depict- 
ing the  selected  issues  of  concern.  At  this  point  the  many  data  catagories 
are  "weighted"  relative  to  their  suitability  for  a  tunnel  route  and  the 
resulting  maps  are  called  Issue  Maps.  The  Issue  Maps  are  then  combined 
by  superposition  to  form  a  Composite  Suitability  Map  and  the  computer,  using 
a  route  selection  function,  computes  the  best  route  between  given  starting 
and  ending  points.  A  Data  Structure  Diagram  showing  the  flow  of  data  pro- 
cessing is  presented  on  Figure  1. 
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The  study  team  decided  that  there  were  three  major  issues  of  concern 
in  this  project: 

1.  Cost   of    Construction   -   estimated   by   the   particular   type  and 
length  of  material  to  be  penetrated. 

2.  Cover   Impact   -   estimated   from   the    type   and   thickness   of  the 
material  over  the  tunnel  crown. 

3.  Surface  Use  Impact  -  estimated  from  the  sensitivity  of  the  current 
surface   land   use    to   possible   construction  disturbance   or  damage. 

B2 . 2    Derivation  of  the  Maps 

The  following  sections  describe  the  steps  by  which  the  GIMS  method  was 
used  to  reconcile  each  of  these  issues  and  produce  a  final  "optimum"  route 
path. 

B2.2.1     BASE  MAP 

To  facilitate  assignment  of  the  various  source  data  to  their  respective 
locations  and  to  enable  subsequent  computer  manipulation  and  combination  of 
two  or  more  maps,  a  base  map  was  prepared  by  subdividing  the  study  area  into 
a  great  number  of  small  rectangular  cells.  For  convenience,  advantage  was 
taken  of  the  regular  pattern  of  city  streets  occurring  over  most  of  the  study 
area.  Cell  size  was  approximately  100  feet  square.  Most  streets  were  taken 
to  be  one  cell  wide;  typical  blocks  were  2  cells  wide  by  6  cells  long.  All 
subsequent  map  types  were  prepared  from  this  Base  Map. 

B2.2.2     SOURCE  DATA  MAPS 

Five  source  data  maps  were  input  to  the  geographic  system.  The  source 
maps  contain  information  on  a  cell-by-cell  basis  for  subsurface  soil  or  rock 
type,  tunnel  elevation,*  ground  surface  elevation,  land  use,  and  street 
pattern. 

The  Subsurface  Type  Source  Map  presents  major  subsurface  soil  or  rock 
types  at  the  elevation  of  the  proposed  tunnel.  Borings  performed  during  this 
project  and  existing  maps  by  Dames  &  Moore  provided  the  source  data.  The 
types  of  subsurface  materials  mapped  were  rock,  Colma  sand,  dune  sand,  and 
melange . 


*Elevations   refer   to   the   City  and  County  of   San  Francisco  Datum,   which  is 
8.616  feet  above  Mean  Sea  Level. 
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The  Tunnel  Elevation  Source  Map  contains  the  elevation  of  the  proposed 
tunnel  at  its  invert  and  was  produced  using  infornation  provided  by  the  City 
and  County  of  San  Francisco.  Every  cell  was  given  an  elevation  which  repre- 
sented the  tunnel  invert  elevation  iT  the  tunnel  were  to  pass  through  that 
cell,  based  upon  a  fixed  tunnel  elevation  of  zero  at  its  western  terminus  and 
a  constant  upward  gradient  of  0.002. 

The  Surface  Elevation  Source  Map  contains  elevation  data  gathered  fron 
topographic  contours.  The  contours  were  taken  from  maps  provided  by  the  City 
and  County  of  San  Francisco  and  by  the  San  Francisco  Division  of  Beaches  and 
Parks.  Each  cell  was  given  an  elevation  which  is  representative  of  the  true 
surface  elevation  at  that  location  in  the  study  area. 

The  Land  Use  Source  Map  contains  general  land  use  data  gathered  by  the 
City  and  County  of  San  Francisco  on  a  community  area  land  use  study  produced 


in  1974. 

The  types  of  land  use  mapped  were: 

1. 

City  parks 

2. 

Golden  Gate  National  Recreation  Area 

3. 

Fort  Miley  Park 

4. 

Palace  of  the  Legion  of  Honor 

5. 

Presidio 

6. 

Residential/light  commercial 

7. 

Schools 

8. 

Fort  Miley  Veterans  Hospital 

9. 

Restricted  bluff  zones 

The  Street  Data  Source  Map  contains  the  general  street  patterns.  The 
data  were  taken  from  the  community  area  land  use  study  provided  by  the 
City  and  County  of  San  Francisco. 

B2.2.3    DERIVED  DATA  MAPS 

Derived  data  maps  represent  intermediate  steps  in  the  data  manipulation 
process  which  are  necessary  to  obtain  maps  for  the  Issues  of  Concern.  No 
grading  or  weighting  of  these  data  has  been  input  into  the  system  at  this 
stage.  Three  maps  were  derived  from  the  source  maps  as  shown  on  the  Data 
Structure  Diagram,   Figure   1:   cover  thickness,    cover   type,   and   surface  use. 
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The  Cover  Thickness  Map  was  derived  by  subtracting  the  Tunnel  Elevation 
Source  Map  from  the  Surface  Elevation  Source  Map,  cell  by  cell,  allowing  for 
the  diameter  of  the  tunnel.  The  resulting  map  shows  the  cover  thickness  over 
the  crown  of  the  tunnel.  Five  ranges  of  thickness  were  mapped:  0-15', 
15-30',  30-60',  60-120',  120-500'. 

The  Cover  Type  Map  was  derived  by  combining  the  Subsurface  Type  Source 
Map  and  the  derived  Cover  Thickness  Map.  The  Cover  Type  Map  contains  20  data 
categories  which  represent  all  combinations  of  the  4  subsurface  soil  and  rock 
types  and  the  5  cover  thickness  ranges. 

The  Surface  Use  Map  was  derived  by  combining  the  Land  Use  and  Street 
Pattern  Source  Maps. 

B2.2.4    ISSUE  MAPS 

Maps  for  the  three  issues  of  concern  were  next  produced  from  their 
respective  source  map  or  derived  map  by  assigning  planning  values  to  each 
data  catagory  shown  on  the  maps.  These  planning  values  ranged  fron  1  (most 
suitable)  to  9  (least  suitable).  Planning  values  were  selected  by  the  Danes 
&  Moore  project  team  with  input  from  the  Sanitary  Engineering  Staff  of  the 
City  and  County  of  San  Francisco.  Planning  values  do  not  rate  the  various 
data  catagories  in  order  of  importance,  but  rather  each  data  catagory  was 
rated  independently  for  suitability  for  the  tunnel  route.  Thus,  different 
data  catagories  on  a  particular  issue  map  may  have  the  same  planning  value. 
For  instance,  on  the  Surface  Use  Issue  Map,  schools,  hospitals  and  residen- 
tial areas  were  each  given  a  planning  value  of  9. 

B2.2.5     COMPOSITE  SUITABILITY  MAPS 

The  three  issue  maps  were  then  combined  by  summation,  cell  by  cell,  to 
produce  a  Composite  Suitability  Map.  Before  adding  issue  maps,  each  issue 
map  as  a  whole  was  weighted  with  an  importance  ratio.  The  importance  ratio 
is  a  multiplier  applied  to  the  planning  value  in  each  and  every  cell  of  an 
issue  map. 

GIMS  allows  the  user  to  easily  alter  the  weights  (planning  values  and 
importance  ratios)  and  produce  new  Composite  Suitability  Maps.  It  gives  the 
decision-maker  the  flexibility  to  test  the  sensitivity  of  different  weighting 
schemes  against  the  resulting  changes  in  route  alignment.  In  this  project, 
11  different  weighting  schemes  were  tested  as  shown  in  Figure  2. 
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The  first  weights  (planning  values  and  importance  ratios)  were  selected 
by  the  Danes  &  Moore  project  team.  These  weights  formed  a  basic  set  of 
decisions  from  which  alternate  weighting  schemes  could  be  compared.  With  the 
exception  of  altering  the  weights  to  test  the  sensitivity  of  the  data  and 
minor  adjustments  of  the  weights  on  the  surface  use  issue,  the  weights  on  the 
initial    run  were   very   close    to   those   used   for   the   final   route  selection. 

B2.3    ROUTE  SELECTION 

The  route  selection  function  has  the  ability  to  find  the  least  impact 
or  least  costly  route  between  fixed  starting  and  ending  points  on  a  Composite 
Suitability  Map.  If  one  visualizes  each  of  the  issue  maps  as  a  "topographic" 
map  where  "most  favorable"  cells  having  low  values  are  thought  of  as  valleys 
and  "least  favorable"  cells  with  their  high  values  are  thought  of  as  hills, 
when  several  issue  maps  are  combined  to  form  a  Composite  Suitability  Map,  a 
new  "surface"  of  "hills  and  valleys"  will  be  formed.  The  route  selection 
function  then  computes  the  path  of  least  resistance  by  attempting  to  stay 
in  "valleys"  and  cross  as  few  "hills"  as  possible  to  arrive  at  the  lowest 
cumulative  total  resistance.  Of  course  the  total  length  of  the  route  is 
important  as  well  as  the  number  of  "hills"  to  be  crossed.  The  function 
utilizes  a  spatial  analysis  technique  to  compute  the  best,  the  next  best,  the 
next  best,  etc.,  route  through  the  Composite  Suitability  Map. 

The  function  was  applied  to  each  of  the  11  Composite  Suitability  Maps 
produced  during  the  course  of  this  study.  The  final  Composite  Suitability/ 
Route  Selection  Map  is  shown  on  Plate  B-l.  This  map  is  the  result  of  Trial 
Run  No.  11  as  discussed  in  the  next  section,  and  uses  the  planning  values  and 
importance  ratios  shown  on  Figure  2  for  Trial  11.  To  help  evaluate  Plate  B-l 
and  illustrate  the  contribution  of  the  different  issues  of  concern,  the  route 
selection  function  was  also  applied  to  the  Surface  Use  Issue  Map  by  itself 
(Trial  10,  Figure  2)  and  the  results  are  presented  on  Plate  B-2.  Addi- 
tionally, the  Cost  of  Construction  and  Cover  Impact  Issue  maps  were  combined 
without  the  Surface  Use  Issue  Map  (Trial  9,  Figure  2).  The  resultant  com- 
posite map  is  called  Engineering  Factors  and  Plate  B-3  shows  the  results  of 
applying  the  route  selection  function  to  this  scheme. 
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B3.0    TRIAL  ANALYSES  FOR  ROUTE  SELECTION 

This  section  describes  the  input  weighting  values  and  results  of  each 
trial  route  selection  listed  on  Figure  2.  Trials  1  through  8  were  used  to 
select  the  weighting  values  for  the  final  three  composite  suitability  naps. 

B3.1  Trial  1 .  The  project  team  of  Dames  &  Moore  carefully  deliberated  this 
initial  weighting  scheme,  and  as  can  be  seen  from  the  minor  changes  in  the 
weights  used  for  the  other  trials,  the  values  chosen  were  quite  appropriate. 
The  east  portal  is  at  the  boundary  of  the  Presidio  on  El  Camino  del  Mar 
Street,  and  the  west  portal  is  at  the  intersection  of  Fulton  Street  and  the 
Great  Highway.  Starting  from  the  east  portal,  the  computed  route  corridor 
headed  due  west  going  on  either  side  of  the  Palace  of  the  Legion  of  Honor  and 
staying  north  of  the  Veterans  Hospital.  The  route  then  headed  in  a  southwest 
direction  to  the  Great  Hightway,  ther  due  south  to  the  west  portal  at  Fulton 
Street.  This  northerly  route  was  due  mainly  to  the  corridor  attempting  to 
stay  in  the  rock  and  away  from  the  residential  areas. 

B3.2  Trial  2.  The  project  team  then  decided  to  test  the  sensitivity  of  the 
weights  in  regard  to  forcing  the  tunnel  to  take  a  diagonal  straight  line  path 
between  the  east  and  west  portals.  To  do  this,  an  importance  ratio  of  2.0 
was  applied  to  the  cost  of  construction  issue  in  an  attempt  to  have  it 
override  the  influence  surface  use  issue.  The  route  continued  to  go  in  a 
due  westerly  direction  from  the  east  portal  and  then  south  down  the  Great 
Highway  to  the  west  portal. 

B3.3  Trial  3.  Routes  1  and  2  were  deemed  to  be  significant  but  it  was 
decided  that  some  fine  tuning  could  take  place.  To  evaluate  the  sensitivity 
of  the  planning  value  assigned  to  the  streets,  an  attempt  was  made  to  force 
the  corridor  south  of  the  Veterans  Hospital  and  through  some  of  the  streets. 
To  this  end,  the  planning  value  assigned  to  the  streets  was  lowered  from  five 
to  three.  The  results  were  insignificant  because  the  corridor  still  took  a 
due  westerly  direction  from  the  east  portal,  stayed  above  the  Veterans 
Hospital,  and  then  went  due  south  down  the  Great  Highway  to  the  west  portal. 

B3.4  Trial  4.  It  was  next  decided  to  test  the  sensitivity  of  the  impor- 
tance ratio  applied  to  the  cost  of  construction  issue.  The  importance  ratio 
was  raised  from  one  to  five,  and  the  planning  value  applied  to  the  streets 
was    returned    to    five.       It   was    thought    that   a  more   direct,    straight  line 
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NOTE:  Assigned  weights  range  from  1  (most  favorable)  to  9  (least  favorable) 


WEIGHTING  SCHEMES  USED  FOR  EACH  TRIAL  RUN 
FIGURE  2 
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corridor  would  result  and  this  was  indeed  the  case.  The  route  headed  west 
from  the  east  portal,  then  it  shortly  took  a  straight  line  diagonal  path  to 
the  west  portal.  The  importance  of  this  trial  was  to  show  that  the  cost  of 
construction  issue  had  to  be  raised  to  an  unrealistically  high  weight  in 
order   to   force   the   alignment   into   a  near    straight-line   diagonal  corridor. 

B3.5  Trial  5.  The  position  of  the  east  portal  was  not  fixed  at  the  boun- 
dary of  the  Presidio  on  El  Camino  del  Mar  Street,  so  the  project  team  decided 
to  move  the  portal  to  another  location  to  see  if  the  tunnel  alignment  would 
alter.  The  east  portal  was  moved  to  the  intersection  of  Lake  Street  and 
26th  Avenue.  The  importance  ratio  on  the  cost  of  construction  issue  was 
returned  to  1.0  and  the  planning  value  on  the  streets  was  put  at  3.0. 
The  computed  alignment  of  the  corridor  was  not  affected  for  it  still  took  a 
due  westerly  route  above  the  Veterans  Hospital  and  then  due  south  to  the 
west  portal. 

B3.6  Trial  6.  For  the  remainder  of  the  route  selection,  the  east  portal 
was  returned  to  its  position  at  the  boundary  of  the  Presidio  on  El  Camino  del 
Mar  Street.  The  project  team  then  investigated  why  the  corridor  was  staying 
north  of  the  Veterans  Hospital.  Investigations  uncovered  the  fact  that  there 
was  a  300-f oot-wide  open  strip  of  land  to  the  south  of  the  hospital  buildings 
which  had  been  classified  the  same  as  the  buildings  of  the  hospital.  The 
high  planning  value  assigned  to  this  strip  of  land  did  not  permit  the  route 
to  go  between  the  hospital  and  the  residential  areas  south  of  Clement  Street. 
To  correct  this  situation,  a  narrow  corridor  just  south  of  the  Veterans 
Hospital  was  given  a  more  suitable  planning  value  of  1.0,  which  was  the 
same  as  the  planning  value  assigned  to  Fort  Miley  Park  which  surrounds  the 
Veterans  Hospital.  This  time,  the  computed  alignment  corridor  again  headed 
wast  from  the  east  portal  but  went  south  of  the  Palace  of  the  Legion  of  Honor 
and  south  of  the  Veterans  Hospital,  before  turning  due  south  toward  the  west 
portal . 

B3.7  Trial  7.  The  City  and  County  of  San  Francisco's  engineering  staff 
pursuaded  the  team  to  alter  the  weight  given  to  the  streets.  Because  the 
streets  are  City  property  and  are  thus  very  suitable  for  the  tunnel  align- 
ment,   the   streets  were  put  at  the  most   suitable   planning  value,    1.0.  The 
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computed  alignment  again  headed  west  from  the  east  portal,  below  the  Palace 
of  the  Legion  of  Honor,  below  the  Veterans  Hospital,  and  through  certain 
streets  in  a  zigzag  southwest  direction  towards  the  west  portal. 

B3.8  Trial  8.  After  reviewing  all  of  the  previous  7  routes,  the  project 
team  was  basically  satisfied  with  the  general  orientation  the  corridors  were 
taking.  Most  of  the  corridors  were  along  the  Great  Highway  or  La  Playa 
Street  just  above  the  west  portal.  This  fact  lead  the  project  team  to 
experiment  with  an  optional  location  of  the  southern  portal.  This  was 
justified  by  assuming  that  the  tunnel  could  be  constructed  by  open-cut  for 
several  blocks  north  of  the  original  west  portal.  The  west  portal  was 
therefore  moved  to  the  intersection  of  Balboa  and  La  Playa  Streets,  and  the 
planning  value  on  the  streets  returned  to  3.0.  There  was  no  significant 
change  in  the  computed  corridor  alignment  and  thus  it  was  apparent  that  a 
modification  in  either  the  west  or  east  portal  location  had  little  effect  on 
the  alignment  of  the  corridor. 

B3.9  Trial  9.  At  this  point,  the  project  team  decided  that  the  final 
corridor  alignments  could  be  selected.  At  a  meeting  with  the  Dames  &  Moore 
project  team  and  the  staff  from  the  City  and  County  of  San  Francisco,  it  was 
decided  that  three  final  routes  would  be  processed.  The  first  route  would 
consider  only  the  engineering  factors.  The  engineering  factors  are  the  cost 
of  construction  issue  and  the  cover  impact  issue.  Without  the  surface  use 
issue,  the  computed  corridor  alignment  again  headed  west  from  the  east  portal 
but  soon  took  a  straight-line  diagonal  course  to  the  west  portal,  keeping  in 
rock  as  much  as  possible.  The  corridor  did  not  head  farther  west  below  the 
Veterans  Hospital  because  the  residential  considerations  on  the  surface  use 
impact  issue  were  not  applied  to  this  route.  This  route  is  shown  on  Plate 
B-3,  Route  Selection/Engineering  Factors. 

B3.10  Trial  10.  To  evaluate  what  the  corridor  alignment  would  be  if  the 
surface  use  impact  issue  was  considered  separately,  a  route  function  was  run 
without  the  cost  of  construction  and  cover  type  impact  issues  considered. 
The  computed  route  again  took  a  western  orientation  from  the  east  portal  but 
soon  began  to  weave  through  the  streets  in  a  southwest  orientation  toward 
the  west  portal.  This  route  is  shown  on  Plate  B-2,  Route  Selection/Surf ace 
Use  Factors. 
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B3.ll  Trial  11.  To  consider  the  engineering  factors  and  surface  use 
factors  together  in  a  composite  route,  the  eleventh  and  final  route  was 
processed.  The  importance  ratio  on  each  issue  map  was  1.0,  the  east  portal 
was  at  the  Presidio  boundary  on  El  Camino  del  Mar  Street,  and  the  west  portal 
was  at  the  intersection  of  Fulton  Street  and  the  Great  Highway.  The  computed 
corridor  again  headed  west  from  the  east  portal  through  Lincoln  park,  below 
the  Veterans  Hospital  and  through  certain  streets  in  a  southwest  direction 
toward  the  west  portal.  This  is  the  final  corridor  alignment  shown  on  Plate 
B-l,  Route  Selection/Composite  Suitability. 

The   following  Plates   are  attached   to  and   complete  Appendix  B  of  this 
report : 

Plate  B-l  -  Route  Selection,  Composite  Suitability 
Plate  B-2  -  Route  Selection,  Surface  Use  Factors 
Plate  B-3  -  Route  Selection,  Engineering  Factors 
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Mr.  Joseph  Jeno 
Dames  and  Moore 
500  Sansome  Street 
San  Francisco,  CA  94111 

Dear  Mr.  Jeno: 

Transmitted  herewith  is  our  report  on  the  construction  feasibility  and  preli- 
minary construction  cost  estimates  of  the  tunnel  alignments  for  the  Richmond 
Transport  Sewer  Project  for  the  City  and  County  of  San  Francisco. 

The  submittal  summarizes  and  completes  our  work  under  Task  6.7,  Scope  and  Task 
Description,  attachment  II  of  our  Agreement  dated  March  9,  1978. 

We  trust  that  this  report  will  be  helpful  in  the  selection  and  analysis  of  the 
preferred  tunnel  alignment. 

Very  truly  yours, 
PBQ&D,  Inc. 

E.  Altshuler 
Project  Manager 
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1.  INTRODUCTION 

1.1  Purpose  and  Scope 

The  City  of  San  Francisco  desires  to  construct  a  transport  sewer  from  the 
Richmond  District  to  a  point  near  the  intersection  of  Fulton  Street  and  the  Great 
Highway.    The  project  is  named  the  Richmond  Transport  Sewer  Tunnel. 

This  report  presents  an  assessment  of  the  feasibility  of  constructing  the 
Transport  Tunnel  along  three  basic  alignments,  herein  named  the  Direct  Route,  the 
Southern  Route,  and  the  Northern  Route.    An  alternate  to  the  Northern  Route  is  also 
examined.    Comparative  costs  are  included,  anticipated  construction  problems  are 
discussed,  and  impacts  of  construction  on  the  neighboring  communities  are  identified. 

The  alignments  examined  are  shown  on  the  Plan,  Figure  1.    One  suitable  study 
alignment  was  selected  jointly  by  PBQ&D,  Inc.  and  Dames  &  Moore  along  each  of  three 
corridors  defined  by  Dames  &  Moore.    Our  study  is  based  on  personal  field  observa- 
tions and  geotechnical  data  presented  in  Dames  &  Moore's  Phase  II  (Preliminary) 
Report,  Geotechnical  Investigation,  for  the  Richmond  Transport  Sewer,  dated  Oct.  17, 
1978,  as  well  as  on  certain  data  made  available  to  us  since  that  date,  specifically 
with  regard  to  the  Northern  Route. 

The  preferred  alignment  is  the  Northern  Route  Alternate  to  Lobos  Creek  at 
Lincoln  Boulevard.    The  original  concepts  considered  the  construction  of  a  deep 
shaft  at  the  intersection  of  Lake  Street  and  26th  Avenue  connecting  with  a  new 
sewer  in  Lake  Street,  both  of  which  would  be  unnecessary  with  the  preferred 
al  ignment . 

Scheduling  of  construction  of  the  alternate  Northern  Route  is  briefly 
discussed  herein.    This  report  also  considers  the  effects  of  selecting  a  tunnel 
diameter  smaller  than  the  15-foot  diameter  assumed  at  the  outset.    Variations  in 
tunnel  diameter  will  not  affect  the  relative  advantages  or  disadvantages  of  the 
several  alignments.    Cost  estimates  shown  herein  for  smaller  diameter  tunnels  are 
not  as  accurate  as  those  for  the  larger  tunnel. 

1.2  Study  Alignments  and  Other  System  Components 

The  components  of  the  basic  system  under  study  are  shown  on  the  Plan,  Figure  1, 
and  include  (a)  the  Lake  Street  Sewer,  from  17th  Avenue  to  26th  Avenue,  Point  A  to 
Point  B  on  the  Plan;  (b)  a  drop  shaft  at  Point  B;  and  (c)  the  Richmond  Transport 
Sewer  Tunnel,  from  the  drop  shaft  to  a  location  near  the  intersection  of  the  Great 
Highway  and  Fulton  Street,  Point  F  on  the  Plan.    A  pressure  line,  leading  from 
Seacliff  Pump  Station  No.  2  to  Point  B,  would  complete  the  system. 


-1- 


The  three  basic  alignments  considered  for  the  Transport  Sewer  Tunnel  between 
Point  B  and  Point  F    are  described  briefly  below  (lengths  do  not  include  the  Lake 
Street  Sewer) : 

•    The  Direct  Route  is  about  8,900  feet  long  and  the  shortest  of  the  alter- 
natives.   This  alignment  runs  diagonally  through  the  residential  area  and 
follows  nearly  a  straight  line  between  Points  B  and  F. 
t     The  Southern  Route  is  about  12,200  feet  long  and  is  the  longest  of  the 
study  alignments.    This  alignment  runs  along  26th  Avenue  to  Point  E,  at 
Fulton  Street,  then  westerly  along  Fulton  Street  to  Point  F. 
t    The  Northern  Route  is  about  10,000  feet  long.    This  alignment  runs  North 
from  Point  F  along  the  Great  Highway  to  Point  D  North  of  Balboa  Street, 
then  in  a  east-northeasterly  direction  to  Point  B. 
The  inside  diameter  of  the  sewer  is  assumed  to  be  15  feet  for  all  three  align- 
ments.   The  sewer  is  assumed  to  be  concrete  lined,  using  precast  segments  or  cast- 
in-place  concrete,  depending  on  the  alignment  selected.    At  Point  F,  the  invert  is 
near  elevation  0,  and  at  point  B,  the  invert  is  between  elevation  18  and  25  (*). 
The  gradient  is  approximately  0.002. 

The  drop  shaft  at  Point  B  is  assumed  to  be  approximately  5  feet  in  diameter; 
it  will  carry  sewage  from  the  Lake  Street  Sewer  and  the  Seacliff  Pump  into  the 
Richmond  Transport  Sewer.    The  shaft  would  be  about  120  feet  deep. 

Along  Lake  Street,  from  Point  A  at  17th  Avenue  to  Point  B  at  26th  Avenue, 
a  new  sewer  line  is  proposed.    The  inside  diameter  at  17th  Avenue  and  26th  Avenue 
will  be  9.5  and  11  feet,  respectively.    The  pressure  line  from  Seacliff  Pump  No.  2 
to  the  top  of  the  drop  shaft  at  Point  B  will  be  a  small  diameter  line.    The  drop 
shaft,  the  Lake  Street  Sewer,  and  the  pressure  line  are  common  to  all  three  basic 
alignments. 

The    alternate  to  the    Northern    Route  is  nearly  identical  to  the 
Northern  Route  alignment  described  above,  along  the  western  half  of  the  alignment. 
The    tunnel  would,    however,-    begin  at  Point  C  near  the  culvert  carrying  Lobos 
Creek  under  Lincoln  Boulevard,  then  run  beneath  Camino  Del  Mar  to  28th  Avenue,  and 
from  there  go  directly  to  Point  D  at  the  Great  Highway.    The  total  length  of  this 
alignment,  from  Point  C  to  Point  F,  is  approximately  11,100  feet.    The  Lake  Street 
sewer  and  drop  shaft  would  not  be  part  of  this  alternative. 
(*)    Datum  base:    City  and  County  of  San  Francisco  Datum,  MSL+8.616'. 


2.         LAKE  STREET  SEWER  AND  DROP  SHAFT 

2.1  Proposed  Sewer 

The  original  alignment  concept,  inyolving  a  new  sewer  along  Lake  Street  from 
17th  to  26th  Avenue  (Points  A  and  B  on  Fig.  1),  would  require  the  opening  of  Lake 
Street  and  cause  considerable  disruption  during  construction.    The  preferred  align- 
ment avoids  these  problems. 

The  Lake  Street  Sewer  would  connect  with  the  Transport  Sewer  Tunnel  through 
a  drop  shaft  at  Point  B;  it  would  vary  in  diameter  from  9.5  feet  to  11  feet  from 
Point  A  to  Point  B.    The  drop  shaft  is  assumed  to  be  5  feet  in  diameter. 

These  structures  would  be  common  to  the  three  basic  alignments  and  are  dis- 
cussed separately  in  the  following. 

2.2  Geologic  Conditions 

Street  elevation  is  between  114  and  120  between  17th  and  24th  Avenues,  but 
rises  to  about  142  at  26th  Avenue.    Dune  sands  reach  from  the  surface  to  below 
elevation  60.    The  groundwater  table  is  generally  below  elevation  70  but  rises  to 
elevation  85  at  17th  Avenue. 

At  the  drop  shaft,  dune  sands  reach  a  depth  of  90  feet  (elevation  50)  followed 
by  sands  of  the  Colma  Formation.    Groundwater  here  is  at  about  elevation  70. 

The  dune  sands  are  typically  well  sorted  and  relatively  dense.    They  are  uni- 
form, cohesionless  and  pervious.    The  Colma  Formation  sands,  on  the  other  hand,  are 
generally  silty  or  clayey  and,  therefore,  somewhat  cohesive  and  much  less  pervious 
than  the  dune  sands.    Layers  or  pockets  within  this  formation,  however,  lack  cohesion 
and  may  be  as  pervious  as  the  dune  sands. 

2.3  Construction 

Construction  of  the  Lake  Street  Sewer  is  significantly  affected  by  the  exist- 
ing sewer  utilities  in  this  street.    These  are  shown  on  Fig.  2.    A  6'-6"  overflow 
outfall  runs  north  from  Lake  Street  in  17th  Avenue.    A  5'-6"  circular  brick  sewer  runs 
from  17th  Avenue  to  an  overflow  structure  at  22nd  Avenue,  at  elevation  98.6.    A  6' 
circular  brick  sewer  picks  up  flow  from  the  South  at  22nd  Avenue,  runs  two  blocks 
west  along  Lake  and  turns  North  at  24th  Avenue,  with  an  invert  elevation  of  95.  A 
sewer  tunnel  4'x6'-6"  starts  with  a  drop  structure  at  24th,  runs  two  blocks  West 
along  Lake  and  turns  in  a  southwesterly  direction.    The  invert  elevation  is  at  or 
just  above  elevation  88. 

To  avoid  interference  with  these  sewers,  it  has  been  proposed  that  the  new 
sewer  be  constructed  as  a  mined  tunnel  under  Lake  Street  located  below  the  sewers. 
It  is  assumed  that  the  sewers  cannot  be  taken  out  of  service  long  enough  to  allow 
replacement  type  construction. 


At  a  reasonably  safe  15  feet  clear  vertical  distance  between  tunnel  and 
overlying  sewers,  the  tunnel  invert  elevation  at  26th  Avenue  should  be  near  eleva- 
tion 60.    The  resulting  invert  elevation  at  17th  Avenue  would  be  about  70.  At 
these  elevations,  pre-construction  dewatering  would  be  required  throughout  for 
safe  tunneling  in  the  dune  sands.    A  construction  shaft  for  tunneling  at  either 
end  would  disrupt  traffic  on  Lake  Street  for  the  duration  of  construction.  Some 
damage  to  the  existing  sewers  due  to  tunnel  construction  settlements  could  be 
expected. 

Alternatively,  a  new  sewer  line  along  Lake  Street  could  be  constructed  in 
open  cut,  adjacent  to  the  existing  sewers.    A  northern  location  appears  to  offer 
the  least  amount  of  interference.    An  invert  elevation  of  about  100  at  17th  Avenue 
dropping  gradually  to  elevation  90  -  would  allow  laterals  and  other  inflows  to 
enter  the  line. 

Construction  would  involve  a  braced  trench  about  30  feet  deep  most  of  the 
way,  but  up  to  50  feet  deep  near  26th  Avenue,  and  would  be  in  sands  above  the  water 
table.    Though  feasible,  this  is  a  deep  trench,  and  construction  would  be  difficult 
and  expensive.    Construction  would  partially  block  the  street  and  probably  prevent 
two-way  traffic  in  the  construction  zone. 

The  Lake  Street  sewer  should  be  constructed  after  completion  of  the  Transport 
Tunnel  between  Points  B  and  F,  and  the  drop  structure.    Beginning  at  the  drop 
structure,  the  sewer  could  be  completed  incrementally,  and  the  connections  made 
to  existing  sewers  one  by  one  in  an  easterly  direction.    The  details  and  scheduling 
of  this  construction  procedure  can  be  determined  only  after  a  careful  study  of  all 
the  existing  facilities.    The  drop  shaft  at  26th  Avenue  should  be  located  away  from 
the  street  intersection  to  minimize  traffic  interference. 

Both  of  the  methods  considered  for  the  Lake  Street  Sewer  construction  are 
disruptive  to  the  community,  expensive  and  difficult.    The  problems  of  constructing 
a  new  Lake  Street  Sewer  can  be  avoided  entirely  if  the  preferred  Lobos  Creek  alter- 
native is  adopted. 


-4- 


3.         THE  DIRECT  ROUTE 

3.1  Alignment  and  Geology 

This  alignment  follows  a  nearly  straight  line  from  Point  F  at  the  Great 
Highway  and  Fulton  Street  to  Point  B  at  Lake  Street  and  26th  Avenue. 

A  perfectly  straight  line  (8,700  feet  long)  between  these  two  points  would 
carry  the  tunnel  through  two  separate  segments  of  bedrock  and  mixed-face  conditions, 
with  the  remainder  of  the  tunnel  in  soil.    The  groundwater  table  in    the  soil 
segments  could  be  as  high  as  160  feet  above  the  tunnel  crown. 

A  slight  bow  to  the  South,  as  shown  on  the  Plan,  would  increase  the  length 
by  about  200  feet  but  probably  eliminate  one  rock  and  mixed-face  segment  and  bring 
the  maximum  head  of  water  in  the  soil  segments  down  to  about  130  or  140  feet.  This 
alignment  has  been  the  basis  for  the  present  study.    The  selection  of  a  final 
alignment  for  this  alternative  would  require  additional  explorations  at  critical 
points . 

Tunnel  construction  would  begin  at  Point  F  in  dune  sands,  with  groundwater 
at  elevation  5.    After  about  2,000  feet,  the  tunnel  would  enter  the  Colma  Formation, 
with  groundwater  at  about  elevation  45,  25  feet  above  the  crown.    Mixed  face  con- 
ditions would  be  encountered  for  150  to  200  feet  after  about  4,200  feet  of  tunneling, 
and  the  next  2,500  feet  of  tunneling  would  be  in  rock  of  the  Franciscan  Formation. 

Again,  150  to  200  feet  of  mixed-face  tunneling  would  be  encountered,  followed 
by  about  1,800  feet  of  tunneling  in  sands  of  the  Colma  Formation. 

At  the  mixed-face  segments  on  both  sides  of  the  rock  tunnel,  groundwater 
would  be  130  to  140  feet  above  the  crown. 

The  Franciscan  bedrock  is  overlain  by  several  feet  of  relatively  impervious 
colluvium  of  some  strength.    The  Franciscan  rock  is  primarily  a  highly  fractured 
sandstone    but  some  siltstones  and  shales,  serpentine,  graywacke  and  chert  may 
also  be  expected.    The  rock  is  expected  to  be  generally  competent  and  relatively 
impervious  along  most  of  the  alignment.    However,  shear  zones  may  be  expected  to 
have  little  strength  and  high  permeability. 

3.2  Portal  at  Fulton  Street  and  the  Great  Highway 

North  of  Fulton  Street,  block  1692  between  La  Playa  and  the  Great  Highway  is 
vacant  at  present.    A  Safeway  store  occupies  the  adjacent  block  between  48th  Avenue 
and  La  Playa.    South  of  Fulton  Street,  the  Golden  Gate  Park  extends  to  the  Great 
Highway. 

The  vacancy  of  block  1692  provides  the  opportunity  to  avoid  interrupting 
traffic  on  Fulton  Street  for  tunnel  portal  work.    Assuming  that  the  lot  will  be 
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available  to  the  contractor  during  the  time  of  construction,  it  will  be  well  suited 
as  a  contractor's  yard.    The  tunnel  portal  and  a  haul  ramp  may  be  built  as  temporary 
features  within  this  block. 

Alternatively,  should  this  block  not  be  available,  a  portal  location  adjacent 
to  Fulton  Street,  within  the  Golden  Gate  Park,  may  be  used  as  a  temporary  construc- 
tion and  portal  area.    Measures  to  minimize  the  impact  of  construction  on  the  Park 
and  its  users  may  include  environmentally  acceptable  fencing  and  shielding,  and  a 
careful  layout  of  construction  facilities  to  avoid  removal  of  more  than  a  minimum 
number  of  trees.    The  affected  portion  of  the  Park  would  be  restored. 

The  substantial  width  of  the  Great  Highway  could  also  allow  the  portal  and 
work  area  to  be  located  within  this  street. 

In  the  contractor's  yard  and  work  area,  space  and  provisions  are  required  for 
storage  of  both  soil  and  rock  tunnel  equipment  and  material,  equipment  for  trans- 
ferring loads  of  excavated  material  from  muck  cars  to  trucks,  and  compressed  air 
plant  and  appurtenances.    Offices,  change  house,  workshop  and  other  amenities  must 
also  be  provided. 

The  lowest  portion  of  the  haul  ramp,  adjacent  to  the  tunnel  portal,  is  several 
feet  below  the  groundwater  table  and  must  be  kept  dry  by  suitable  dewatering 
methods . 

The  location  and  construction  features  of  the  connection  to  the  West  Side 
Transport  Sewer  under  the  Great  Highway  are  not  known  at  this  time.  Construction 
of  this  connection  may  involve  temporarily  closing  a  portion  or  the  full  width  of 
Fulton  Street,  and/or  a  portion  of  the  Great  Highway. 
3.3      Tunneling  Diagonally  Across  the  Avenues 

The  tunnel  would  be  constructed  entirely  from  the  portal,  working  up-grade 
towards  Point  B  at  26th  and  Lake.    Up-grade  construction  is  convenient  for  the 
removal  of  water  seeping  into  the  tunnel.    The  portal  location  is  also  convenient 
for  trucking  of  excavated  materials.    Tunneling  from  a  shaft  at  Lake  Street  would 
be  environmentally  undesirable. 

Several  construction  aspects  combine  to  make  this  alignment  unfavorable. 

The  contractor  must  prepare  for  two  different  types  of  tunneling  operations, 
tunneling  in  soil  under  a  very  substantial  head  of  water,  and  tunneling  through  rock. 
The  segment  through  rock,  near  the  middle  of  the  tunnel,  in  all  probability  would 
be  excavated  by  conventional  drill-and-blast  methods  to  a  size  that  would  allow  the 
shield  required  for  soil  tunneling  to  be  carried  through  the  rock  tunnel.  During 
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rock  tunneling,  the  complex  excavation  and  propulsion  equipment  in  the  shield  must 
be  protected  or  removed.    Two  areas  of  difficult  mixed-face  conditions  must  be 
negotiated  under  the  highest  head  of  water. 

Tunneling  through  the  soil  segments  of  this  alignment  would  be  difficult  and 
expensive,  irrespective  of  the  rock  and  mixed-face  conditions.    Most  of  the  soil 
tunneling  would  be  through  the  Colma  Formation  sands,  which  are  generally  somewhat 
cemented.    However,  this  formation  contains  layers  or  regions  of  uncemented  sand. 
Under  a  high  head  of  water,  uncemented  sands  are  unstable  and  will  produce  massive 
sand-water  flows  into  the  tunnel  unless  controlled.    Such  control  may  be  provided 
in  a  number  of  ways,  including  compressed  air  tunneling,  reduction  or  elimination 
of  the  water  pressure  by  deep  pumping,  or  by  continuous  face  support  using  a 
slurry  mole  or  a  similar  tunneling  technique. 

In  this  instance,  a  slurry  mole  or  similar  method  would  not  be  practical 
because  the  very  complex  machinery  required  for  this  type  of  tunneling  would  have 
to  be  removed  under  very  trying  circumstances,  at  the  rock  interface,  and  rein- 
stalled on  the  other  side  of  the  rock  segment.    Such  procedures  are  unprecedented, 
and  considered  technically  infeasible  at  this  time. 

Compressed  air  tunneling  is  technically  possible  with  a  head  of  water  even 
beyond  100  feet.    However,  the  cost  increases  very  rapidly  with  increasing  air 
pressure  to  balance  the  water  pressure,  and  compressed  air  tunneling  is  not  con- 
sidered practical  for  a  head  of  water  beyond  80  feet. 

The  solution  to  this  problem  considered  in  this  study  consists  of  dewatering 
by  deep  pumps,  installed  from  the  ground  surface  and  drawing  down  the  water  table 
sufficiently  for  economical  compressed-air  tunneling.    This  requires  the  ground- 
water level  within  the  Colma  Formation  to  be  drawn  down  along  the  alignment  a  maxi- 
mum of  at  least  50  feet,  which  is  considered  difficult  but  feasible.  The  estimate 
presented  in  Section  7  is  based  on  this  construction  method. 

The  combination  of  soil  tunneling  deep  below  the  groundwater  table,  mixed 
face  and  rock  tunneling  make  construction  not  only  difficult  but  also  encumbered  by 
significant  risks.    Bid  prices  for  a  contract  for  this  tunnel  would  not  only 
reflect  the  high  cost  of  dealing  with  difficult  tunneling  problems,  but  also  sig- 
nificant contingencies  associated  with  construction  risks. 

The  Direct  Route  alignment  would  pass  beneath  a  large  number  of  private 
properties  as  it  crosses  diagonally  from  Point  F  to  Point  B.    Tunneling  through 
rock  and  soil  at  great  depth  can  be  performed  with  little  or  no  surface  effects, 
such  as  settlements  or  noise.    However,  tunneling  of  the  first  2,000  feet,  in  dune 
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sands    under  shallow  cover  (less  than  50  feet)  is  likely  to  cause  disruptive 
settlements.    Dewatering  wells  along  the  alignment  would  have  to  be  placed,  not 
only  in  street  areas,  but  most  probably,  also  within  private  properties. 

If  this  alignment  is  considered  further,  rerouting  from  Point  F  North  along 
the  Great  Highway,  then  East  along  Cabrillo  or  Balboa  should  be  considered. 


-8- 


- 


4.         THE  SOUTHERN  ROUTE 

4.1  Alignment  and  Geology 

The  Southern  study  alignment  runs  East  from  Point  F  along  Fulton  Street 
approximately  7,300  feet  to  26th  Avenue,  Point  E,  from  where  it  runs  North  for 
approximately  4,900  feet  to  Point  B.    With  a  length  of  12,200  feet,  it  is  the 
longest  of  the  alignments. 

There  is  some  indication  that  the  alignment  along  26th  Avenue  could  encounter 
a  short  stretch  of  rock  or  mixed-face  conditions  near  Cabrillo  Street.    Results  of 
additional  explorations  in  this  vicinity  may  require  a  re-evaluation  of  this  align- 
ment.   Except  for  this  possible  rock  occurrence,  the  tunnel  would  be  entirely  in 
dune  sands  and  sands  of  the  Colma  Formation. 

The  first  2,400  feet  of  tunnel  from  Point  F  along  Fulton  Street  would  be  in 
dune  sands,  with  groundwater  up  to  40  feet  above  the  crown,  the  remainder  would  be 
in  the  Colma  Formation,  with  groundwater  up  to  more  than  90  feet  above  the  crown 
in  the  vicinity  of  Point  E.    The  maximum  soil  cover  over  the  crown  would  be  about 
160  feet. 

At  26th  Avenue,  a  curve  must  be  provided  to  allow  the  tunneling  shield  to 
negotiate  the  90°  turn. 

An  alignment  along  27th  Ayenue  was  also  considered.    This  alignment  is  likely 
to  involve  some  rock  tunneling  between  Cabrillo  and  Balboa  Streets.    Since  the 
remainder  of  the  tunnel  would  be  entirely  in  soil,  a  segment  of  rock  tunneling 
would  be  undesirable. 

An  alignment  along  25th  Avenue  appears  feasible.    It  would  be  more  certain 
to  avoid  mixed-face  tunneling  but  would  entail  a  greater  total  length  of  tunneling. 

4.2  Portal  at  Fulton  Street  and  the  Great  Highway 

Portal  works  and  work  area  would  be  nearly  identical  to  those  required  for  the 
Direct  Route,  except  that  provisions  for  rock  tunneling  are  not  required. 

4.3  Tunneling  Along  Fulton  and  26th  Avenue 

The  tunnel  along  Fulton  Street  could  be  placed  directly  under  the  street,  but 
an  alignment  within  the  Golden  Gate  Park  boundary  is  preferable.    This  alignment 
would  be  entirely  under  public  lands  and  effects  of  settlements  at  the  ground  sur- 
face would  be  minimized. 

Details  of  tunnel  construction  methodology  can  be  worked  out  in  a  number  of 
feasible  ways.    The  method  and  sequence  of  construction  described  briefly  in  the 
following  paragraphs  is  the  basis  for  the  cost  estimate  presented  in  Section  7. 
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The  first  3,000  feet  of  tunneling  would  be  in  dune  sands  or  Colma  sands 
under  a  maximum  head  of  about  40  feet  of  water.    Tunneling  in  free  air,  using 
standard  shield  and  excavating  equipment,  and  preceded  by  deep-well  dewatering  is 
practical  and  economical  for  this  stretch.    The  precise  limit  of  free-air  tunneling 
would  be  determined  by  the  contractor,  depending  on  actual  conditions. 

At  this  point,  an  air  lock  would  be  installed,  and  the  remainder  of  the 
tunnel  would  be  driven  under  compressed  air.    The  required  air  pressure  would  be 
reduced  by  deep-well  dewatering.    The  remainder  of  the  tunnel  would  be  in  the  Colma 
Formation,  which  is  assumed  to  have  some  coherence  in  most  areas,  and  the  air 
pressure  and  pumping  efforts  would  be  adjusted  continuously  to  suit  the  local 
conditions. 

Approximately  9,200  feet  of  tunnel  would  be  constructed  in  this  fashion. 
For  safety  and  convenience,  the  air  lock  would  be  moved  ahead  in  the  tunnel  at 
least  once  or  twice. 

The  tunnel  would  be  lined  with  a  segmented  concrete  lining,  erected  in  the 
tail  of  the  shield,  designed  to  give  a  hydraul ical ly  acceptable  interior  finish. 
Alternatively,  a  metal  lining  could  be  erected,  followed  by  an  interior  cast-in- 
place  concrete  lining. 

Construction  risks  associated  with  this  alignment  are  within  ordinary  tunnel 
construction  standards. 

An  alternative  to  compressed  air  tunneling  is  the  use  of  slurry  mole  or 
earth  and  water  pressure  balance  technology.    These  techniques  have  been  used 
extensively  abroad,  especially  in  Japan,  but  no  American  tunnel  project  has  yet 
employed  these  methods.    There  is,  therefore,  no  American  cost  experience,  and  a 
reliable  cost  estimate  assuming  such  tunneling  methods  cannot  be  made.    A  prelimi- 
nary assessment,  however,  shows  that  the  cost  would  be  comparable  with  that  of 
compressed  air  tunneling.    These  technologies  would  not  obviate  the  need  for 
dewatering. 

Should  the  Southern  Alignment  be  considered  for  final  design,  the  use  of 
any  one  of  these  modern  tunneling  techniques  should  be  considered.    In  the  design 
documents,  alternative  tunneling  methods  of  these  types  should  be  allowed. 
4.4      Alternate  Profile 

A  substantial  cost  associated  with  the  Southern  Route  results  from  the  need 
to  drive  the  tunnel  under  compressed  air.    Much  of  this  premium  cost  could  be  saved 
by  raising  the  tunnel  profile  so  as  to  minimize  the  head  of  water. 
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With  a  Lake  Street  Sewer  elevation  near  90  at  Point  B,  the  Lake  Street-26th 
Avenue  intersection,  the  Transport  Tunnel  could  be  raised  more  than  60  feet  at  this 
location.    For  the  most  ideal  construction  conditions,  the  tunnel  would  then  be 
constructed  with  a  minimum  slope,  along  26th  Avenue  and  Filton  Street,  to  a  point 
near  36th  Avenue,  at  which  point  the  profile  would  have  to  be  steepened  to  a  slope 
of  0.02  in  order  to  stay  below  the  ground  surface  and  reach  elevation  0  at  Point  F. 

With  this  profile,  the  water  head  can  be  kept  below  40  feet,  and  tunneling 
in  free  air,  with  dewatering  along  most  of  the  length,  is  entirely  feasible.  Though 
the  profile  is  not  ideal  for  hydraulic  reasons,  its  cost  advantage,  relative  to  the 
deeper  profile  along  the  same  alignment,  cannot  be  ignored.    The  comparative  esti- 
mate given  in  Section  7  is  based  on  the  deeper  alignment. 
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5.         THE  NORTHERN  ROUTE 

5.1  Alignment  and  Geology 

This  alignment  runs  North  from  Point  F  for  about  2,000  feet  in  braced  trench 
to  a  tunnel  portal  in  rock  about  500  feet  North  of  Balboa  Street.    Tunneling  would 
then  be  in  rock  for  about  7,700  feet,  followed  by  about  300  feet  of  mixed-face  and 
soil  tunnel,  to  Point  B. 

The  trench  tunnel  segment  would  be  in  dune  sands,  with  groundwater  up  to 
about  10  feet  above  invert  elevation. 

Geologic  data  available  at  this  time  indicate  that  approximately  the  first 
2,000  feet  of  the  rock  tunnel  would  be  driven  through  relatively  competent  sand- 
stone, siltstone  or  shale  of  the  Great  Valley  Formation. 

Of  the  remaining  5,700  feet  of  rock  tunnel,  about  2,400  feet  may  be  expected 
to  be  driven  through  relatively  competent  Franciscan  graywacke  with  shale  interbeds, 
or  Franciscan  formations  composed  of  siltstone,  shale  and  chert  beds. 

The  remainder  of  the  rock  tunnel  would  be  driven  through  Melange,  a  geologic 
material  characterized  as  hard  rock  fragments  embedded  in  a  sheared  matrix  of  shale 
or  clay-like  material.    In  one  region,  about  one  thousand  feet  long,  the  matrix 
dominates,  with  rock  inclusions  constituting  only  20  percent  of  the  mass  and  ranging 
from  cobbles  up  to  blocks  larger  than  the  tunnel.    The  remainder  of  the  Melange, 
along  a  tunnel  length  of  about  2,300  feet,  consists  principally  of  large  or  very 
large  inclusions  separated  by  small  quantities  of  sheared  shale  matrix. 

The  last  300  feet  of  tunnel  would  be  in  the  Colma  Formation,  with  groundwater 
about  60  feet  above  the  crown. 

It  must  be  recognized  that  the  available  geologic  information  is  limited  to 
only  six  borings  within  a  corridor  200  feet  wide,  plus  extrapolation  and  inference 
from  other  data.  Construction  feasibility  and  cost  assessments  are  therefore  sub- 
ject to  some  uncertainty. 

5.2  Trench  Tunnel 

The  trench  segment  could  be  constructed  under  either  La  Playa  Street  or  the 
Great  Highway.    At  present,  a  location  under  the  Great  Highway  is  considered. 
Placing  this  segment  under  the  vacant  blocks  between  these  streets  is  not  desirable, 
because  of  plans  to  develop  these  properties. 

In  dune  sands  with  a  groundwater  table  only  a  few  feet  above  the  invert,  this 
segment  would  be  constructed  using  standard  open  cut    and  dewatering  methods.  Adjacent 
vacant  lands,  if  still  vacant  at  the  time  of  construction,  would  allow  removal  of 
excavated  soils  to  be  done  through  haul  ramps. 
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5.3  Portal  at  Great  Highway,  North  of  Balboa 

In  the  vicinity  of  Point  D,  the  proposed  rock  tunnel  portal  location,  the 
Great  Highway  reduces  in  width  from  about  160  feet  to  the  South  to  about  60  feet 
toward  the  North.    A  relatively  large  level  area  North  of  Balboa  Street  is  vacan; 
at  present;  this  area  would  be  an  ideal  construction  site  and  work  area.    Where  the 
Great  Highway  is  wider  than  60  feet,  a  portion  of  that  highway  may  also  be  taken 
as  a  construction  work  area. 

Space  requirements  for  the  portal  work  area  have  not  been  worked  out  in 
detail.    The  specific  requirements  would  depend  on  the  contractor's  methods  of 
operation.    Different  sets  of  requirements  would  ensue  if  the  cut-and-cover  and 
mined  tunnels  were  to  be  built  by  different  contractors;  and  the  timing  of  the  cut- 
and-cover  work  relative  to  the  mining  work  would  have  a  great  effect  on  the  work 
space  required,  and  the  degree  of  disruption  imposed  on  the  neighborhood. 

Assuming  that  cut-and-cover  work  is  performed  independently  and  without 
interfering  with  mining,  space  requirements  for  mining  would  be  assessed  at  approxi- 
mately 40,000  square  feet - incl uding  access  ramp,  or  close  to  an  acre.    It  is  possible 
to  reduce  this  areal  requirement  but  only  at  substantial  cost. 

Considerable  difficulty  would  ensue  if  the  tunnel  portal  were  to  be  placed 
at  the  point  where  the  Great  Highway  narrows  down  to  about  60  feet.    Since  traffic 
on  the  highway  must  proceed  unimpeded,  there  is  not  sufficient  space  to  provide 
adequate  portal  access.    Furthermore,  the  required  work  space,  if  entirely  within 
the  Great  Highway,  would  extend  so  far  that  Balboa  Street  would  be  blocked.  Access 
to  the  now  vacant  properties  would  also  be  impeded. 

It  is  therefore  recommended  that  the  portal  be  placed  at  a  location  approxi- 
mately 500  feet  from  Balboa  Street,  within  the  vacant  land,  and  that  an  area  of 
this  land  be  taken  for  the  duration  of  construction  such  that  about  an  acre  will  be 
available  to  the  contractor,  including  a  portion  of  the  highway,  while  allowing 
about  a  60-foot  highway  width  for  unimpeded  traffic. 

Though  it  is  desirable  to  allow  contractor's  use  of  the  entire  lot  North 
of  Balboa,  it  is  possible  to  prohibit  contractor's  use  of  the  southernmost  200  feet 
of  the    lot,  allowing  independent  development  of  this  area.    After  tunnel  construc- 
tion, a  permanent  easement  under  a  small  part  of  the  northern  portion  of  the  lot 
would  be  required. 

5.4  Tunneling  in  Rock  to  Lake  Street 

From  the  portal  at  Point  D,  rock  tunneling  would  proceed  up-grade  toward 
Point  B.    Tunnel  excavation  would  most  likely  be  done  by  conventional  drill -and- 
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blast  techniques,  and  muck  removal  by  jnuck  trains  on  rails.    The  contractor  should 
be  allowed  the  option  of  driving  either  a  circular  or  horseshoe  cross  section.  In 
either  case,  it  is  assumed  that  the  permanent  lining  would  be  cast-in-place  concrete 
with  a  circular  interior  shape. 

Temporary  tunnel  support  may  be  provided  by  a  selection  of  methods  to  suit 
local  conditions,  including  shotcrete,  shotcrete  plus  rock  bolts,  and  steel  sets 
with  timber  or  shotcrete  lagging. 

The  Great  Valley  Formation  and  the  relatively  competent  portions  of  the 
Franciscan  rocks  are  not  expected  to  present  unusual  excavation  or  support  problems. 
Zones  of  fractured  and  sheared  rock  may  require  rapid  support  and  could  locally 
slow  down  the  rate  of  advance.    The  groundwater  table  is  up  to  300  feet  above  the 
crown;  hence,  water  problems  may  be  expected  in  pervious  and  fractured  zones. 

Tunneling  through  the  Franciscan  Melange  will  be  difficult.    Due  to  the 
great  differences  in  hardness  of  the  components  of  the  Melange,  excavation  will 
require  great  care,  and  the  excavated  tunnel  section  will  probably  be  quite  irregu- 
lar.   The  strength  of  the  clay-like    matrix  is    only  modest,  and  rock  falls, 
squeezing  ground  or  other  manifestations  of  unstable  ground  are  likely  to  be 
experienced.    Ground  support  will  be  difficult  due  to  the  potential  instability  of 
the  rock  and  the  likely  irregular  excavated  surfaces.    For  these  reasons,  tunnel 
construction  is  assumed  to  proceed  much  more  slowly  in  this  Melange  zone  than  else- 
where. 

It  may  be  assumed  that  the  Melange  consisting  principally  of  clay  matrix 
will  be  appreciably  more  difficult  to  tunnel  through  than  the  Melange  comprised 
essentially  of  large  blocks. 

The  short  length  of  mixed-face  and  soil  tunnel  near  Point  B  will  most  likely 
be  constructed  essentially  by  hand  mining  methods.    A  significant  dewatering  effort 
would  be  required  to  construct  this  tunnel  by  hand  methods  in  free  air.    The  cost 
of  this  reach  has  been  isolated  but  included  in  the  estimate  shown  in  Section  7.  An 
apparent  solution  to  this  local  problem  would  be  to  locate  the  drop  shaft  300  to 
400  feet  west  of  the  location  shown,  where  it  would  bottom  out  in  bedrock.    The  soil 
tunnel  segment  would  thus  be  avoided  at  the  expense  of  adding  an  equivalent  length 
to  the  Lake  Street  Sewer.    This  alternate  is  also  discussed  in  Section  7.    The  most 
feasible  location  of  the  drop  shaft  can  be  determined  only  after  additional  explora- 
tions. 
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6.        TUNNEL  TO  LOBOS  CREEK 

A  relocation  of  the  north-easterly  end  point  of  the  Transport  Sewer  Tunnel 
to  the  vicinity  of  the  Lobos  Creek  culvert  under  Lincoln  Boulevard  offers  the 
following  potential  advantages: 

•  A  reduction  in  length  of  the  pressure  line  from  Seacliff  Pump  No.  2  to 
the  Transport  Sewer. 

t    A  reduction  in  future  pumping  costs  because  of  a  reduction  in  both 

length  and  lift  height  for  the  pressure  line, 
t    Elimination  of  the  drop  shaft  at  Lake  Street. 

•  Reduction  of  contract  time,  if  this  is  important,  by  working  two 
headings . 

0    A  relatively  convenient  method  of  connecting  the  outfalls  from  17th,  22nd 
and  24th  Avenues  to  the  Transport  Sewer  Tunnel,  without  requiring  re- 
constructing of  the  Lake  Street  Sewer  system. 

•  A  lessening  of  the  environmental  impact  by  removing  the  construction 
disruption  from  Lake  Street. 

Either  one  of  the  three  alternative  routes  could  be  extended  to  Lobos  Creek. 

The  Direct  Route  alternative  would  be  extended  diagonally  for  approximately 
1,000  feet,  all  by  tunneling    in  soil,  to  the  portal.      The  Southern  Route  most 
likely  would  be  along  24th  or  25th  Avenue  rather  than  26th,  to  the  portal,  adding 
approximately  1,200  feet  of    tunneling  in  soil    to  the  alignment.       The  Northern 
route  would  be  relocated  slightly  and  extended  1,100  feet.    It  would  then  include 
about  1,300  feet  of  tunneling  in  soil    and  mixed-face.  .  In  all  three  instances, 
the  2,600  feet  of  the  Lake  Street  Sewer  would  be  eliminated.    The  increase  in  cost 
for  the  added  tunnel  length  is  least  for  the  Northern  Route  and  the  Northern  Route 
is  the  basis  used  for  estimating  the  cost  of  this  alternative. 

Space  is  available  for  a  contractor's  work  area  at  Lobos  Creek,  within 
the  Presidio.    This  permits  driving  the  tunnel  from  two  headings.    The  consequent 
reduction  in  project  duration  and,  therefore,  of  extended  overhead  and  escalation 
costs  will  more  than  offset  the  added  cost  of  equipping  a  two-heading  operation. 
If,  for  any  reason,  there  is  a  prohibition  on  driving  from  a  portal  near  Great  Highway, 
the  availability  of  this  support  site  makes  this  project  alternative  more  conom'cal 
than  a  similar  restriction  on  the  others. 

Lobos  Creek  presents  some  design  and  construction  problems.    It  crosses 
Lincoln  Boulevard  at  invert  elevation  27.5,  close  to  the  most  convenient  location 
of  a  portal  for  the  soil  tunneling.    To  pass  over  the  Lobos  Creek  Culvert  at  this 
point,  the  Transport  Tunnel  invert  would  need  to  be  at  or  above  elevation  35. 
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However,  because  the  17th  and  22nd  Ayenue  outfalls  about  500  feet  due  East  of  the 
proposed  portal  have  invert  eleyations  of  about  30  and  38,  it  would  be  most 
desirable  to  maintain  a  Transport  Tunnel  invert  at  about  elevation  28  to  enable  a 
convenient  tie-in  of  the  outfalls  to  the  Transport  Tunnel.    A  number  of  schemes 
can  be  developed  to  solve  the  interference  problem  between  the  tunnel  and  Lobos 
Creek;  all  involve  reconstruction  of  parts  of  the  17th  and  22nd  Avenue  outfalls,  and 
of  the  Lobos  Creek  Culvert. 

Considerable  additional  study  is  required  to  develop  the  most  feasible 
solution  in  the  region  of  Lobos  Creek.    The  design  for  this  region  must  enable 
connections  to  the  17th  and  22nd  Avenue  outfalls  and  accommodate  the  flow  from 
Seacliff  Pump;  it  must  provide  for  permanent,  full -flow  capacity  for  a  reconstructed 
Lobos  Creek  Culvert,    and  for  temporary  handling  of  Lobos  Creek  flows  during  con- 
struction. Traffic  must  be  maintained  on  Lincoln  Boulevard  and  El  Camino  Del  Mar, 
and  the  temporary  and  permanent  impact  of  construction  on  Lobos  Creek  and  on  the 
neighborhood  must  be  minimized  while  the  tunnel  portal  could  be  placed  either  East 
or  West  of  the  culvert,  the  need  to  maintain  flows  in  Lobos  Creek  and  the  desir- 
ability of  minimizing  tunnel  length  and,  therefore,  costs    currently  appears  to 
favor  the  westerly  location. 

Since  a  detailed  solution  for  this  region  has  not  been  established,  the 
estimate  shown  in  Section  7  includes  the  cost  of  this  work  as  an  allowance.  The 
allowance  also  includes  a  nominal  sum  for  sewer  hook-up  work. 
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7.         COMPARATIVE  CONSTRUCTION  COST  ESTIMATES 

7.1  General 

Tunnel  construction  costs  for  the  three  basic  alignments  from  the  Fulton 
Street  -  Great  Highway  intersection  to  Lake  Street,  including  the  Lake  Street 
sewer,  have  been  estimated  for  comparative  purposes.    Costs  have  been  based  mostly 
on  standard  unit  costs  and  are  presented  as  1978  costs  without  escalation. 

A  comparative  cost  is  also  shown  for  the  Northern  Route  -  Lobos  Creek 
Alternate,  including  the  cost  of  crossing  Lobos  Creek  and  an  allowance  for  hook-ups 
to  existing  sewers. 

Cost  associated  with  contractor  profits  and  overhead,  mark-up  on  subcon- 
tractor costs,  and  insurance,  are  included  as  a  percentage  of  the  direct  costs. 

Cost  of  spoil  haulage  is  based  on  a  haulage  distance  less  than  three  miles. 
Longer  haulage  distances  will  increase  the  cost  of  haulage. 

The  estimates  do  not  include  real  estate  or  right-of-way  costs,  or  specific 
environmental  protection  measures. 

The  estimates  are  based  on  construction  of  15-foot  tunnels  from  one  portal 
at  the  western  end,  for  the  three  basic  routes  while  tunneling  for  the  Lobos  Creek 
alternate  is  assumed  to  be  from  both  portals.    Cost  considerations  for  smaller 
size  tunnels  are  presented  in  Section  8. 

7.2  Estimated  Cost,  Lake  Street  Sewer  and  Drop  Shaft 

The  2,600  feet  of  sewer  line  in  Lake  Street,  and  the  drop  shaft  at  26th  Aven 
have  not  been  estimated  in  detail.    An  estimate  of  $3,000,000  may  be  used  for  com- 
parative purposes.    This  estimate  is  based  on  open  cut  construction  and  is  common 
to  all  three  basic  study  alignments. 

7.3  Estimated  Comparative  Cost,  Direct  Route 

Fifteen-foot  tunnel  mined  from  portal  at  Fulton  and  Great  Highway  to  Lake 
and  26th,  drop  shaft, and  sewer  in  Lake  Street. 


Tunnel  in  soil,  dewatered,  free  air 
Tunnel  in  soil,  dewatered,  compressed  air 
Tunnel  in  mixed  face,  dewatered, 


Item 


Length 
ft. 


3,100 
2,950 


Cost  in 
Thousands 

$  5,000 

10,400 


compressed  air 
Tunnel  in  rock 


2,500 


350 


3,500 
3,700 
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Length  Cost  in 

Item  ft.  Thousands 

Allowance  *  -  2,500 

Portal  and  work  area,  including  compressed 

ai r  p lant  -  1 ,000 

Lake  Street  sewer  and  shaft  2,600  3,000 

Spoil  Haulage  300 

Subtotal  29,400 

Contingency,  20%  5,900 

Subtotal  35,300 

Overhead,  Profit,  Insurance,  etc.  25%  8,800 

TOTAL  11,500  ft.  $44,100 

7.4       Estimated  Comparative  Cost,  Southern  Route 

Fifteen-foot  tunnel  mined  from  Great  Highway,  along  Fulton  to  26th,  then 
North  to  Lake;  drop  shaft  and  sewer  at  Lake  Street. 

Length  Cost  in 

Item  ft.  Thousands 

Tunnel  in  soil,  dewatered,  free  air  3,000  $  4,700 

Tunnel  in  soil,  dewatered,  compressed  air  9,200  31,000 

Portal  and  work  area,  including 

compressed  air  plant  -  1,000 

Lake  Street  sewer  and  shaft  2,600  3,000 

Spoil  Haulage  -  400 

Subtotal  40,100 

Contingency,    20%  8,000 

Subtotal  48,100 

Overhead,  Profit,  Insurance,  etc.    25%  12,000 

TOTAL  14,800  ft.  $60,100 


*    Allowance  for  dismantling  shield,  moving  it  forward  through  rock  tunnel,  and 
assembling;  moving  air  lock  forward;  and  other  complications  arising  from 
tunneling  in  two  different  media  along  one  length  of  tunnel. 
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7.5       Estimated  Comparative  Cost,  Northern  Route 

Tunnel  constructed  in  trench  along  the  Great  Highway  from  Fulton  to  Point  D 
North  of  Balboa,  then  by  mining  through  rock  and  a  short  length  of  soil  to  Lake 
and  26th,  including  Lake  Street  sewer  and  shaft.    Basic  cost  below  is  for  the 
scheme  described  above.    The  alternate  following  shows  the  effect  of  relocating  the 
drop  shaft  300  feet  in  a  westerly  direction  to  avoid  soil  tunneling. 


Basic  Cost: 


Length 

Cost  in 

Item 

ft. 

Thousands 

Great  Highway  trench  tunnel 

2,000 

$  1,700 

Rock  tunnel ,  competent  rock 

4,400 

6,200 

Rock  tunnel,  Melange  rock,  Average  quality 

2,300 

4 ,000 

t\V\,  In.     UUI II IC  1  ,    lie  lull  yc     I        Is.  ,    |JUU  I     L]  Uu  1  1  Ljr 

1  000 

?  ?00 

ooi  i  tunnei  ax  LaKe,  aewaierea 

ouu 

Mixed  Face  tunneling 

/inn 
4UU 

r  UI  LQ  1     GMU    WUi  In  GiCu 

200 

Lake  Street  sewer  and  shaft 

2,600 

3,000 

Spoil  Haulage 

400 

Subtotal 

18,700 

Contingency  20% 

3,700 

Subtotal 

22  ,400 

Overhead,  profit,  insurance,  etc  25/0 

c  rnn 
b  ,  dUU 

TOTAL 

12,600  ft. 

$28,000 

Alternate    drop    shaft  location  300  feet  West 

of  Point  B 

near  Lake  and 

Cost  in 

Item 

Thousands 

Basic  Cost 

$18,700 

Deduct  300  ft.  of  soil  and  mixed  face  tunnel 

(1,000) 

Add  300  ft.  sewer    in  trench  in  Lake  Street 

400 

Subtotal 

18,100 

Contingency,  20% 

3, COO 

Subtotal 

21,700 

Overhead,  profit,  insurance,  etc.  25% 

5,400 

TOTAL 

12,600  ft. 

$27,100 
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7.6      Estimated  Comparative  Cost,  Northern  Route  -  Lobos  Creek  Alternate 


Tunnel  constructed  in  trench  along  the  Great  Highway  from  Fulton  to  Point  D 
North  of  Balboa,  then  by  mining  through  rock  towards  Point  C  at  Lobos  Creek  to  the 
interface  between  soil  and  rock,  approximately  7,800  feet  from  Point  D.    From  the 
eastern  portal  at  Lobos  Creek,  tunnel  constructed  by  shield  method  to  the  rock 


interface,  including  reconstruction  of  Lobos  Creek  culvert. 

Length  Cost  in 

Item  ft.  Tnousands 

Great  Highway  trench  tunnel  2,000  $  1,700 

Rock  tunnel,  competent  rock  4,400  6,200 

Rock  tunnel,  Melange  rock,  average  quality  2,400  4,200 

Rock  tunnel,  Melange  rock,  poor  quality  1,000  2,200 

Soil  tunneling  1,200  2,500 

Mixed  face  tunneling  100  4*00 

Portal  and  work  areas  -  400 

Allowance  for  Lobos  Creek  culvert, 

and  miscellaneous  sewer  relocation  -  400 

Spoil  Haulage  400 

Subtotal  18,400 

Contingency,    20%  3,700 

Subtotal  22,100 

Overhead,  profit,  insurance,  etc.    25%  5,500 

TOTAL  11,100  ft.  $27,600 
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8.         EFFECTS  OF  REDUCING  TUNNEL  DIAMETER 

The  estimates  shown  in  Section  7  are  based  on  a  finished  lining  with  15-foct 
interior  diameter ;smal ler  diameters  are  now  being  considered  by  the  City  staff. 

A  change  in  diameter  withir.  a  reasonable  range,  and  certainly  down  to  a 
9  or  10-foot  size,  will  not  affect  the  relative  merits  and  demerits  of  the  alignments, 
or  their  relative  cost  position.    The  Northern  Route  and  its  Alternate  will 
still  be  the  most  economical. 

However,  it  cannot  be  expected  that  the  estimated  cost  of  a  smaller  diameter 
tunnel  would  be  reduced  in  proportion  to  the  cross  section  area,  or  even  the  diameter. 

As  an  example,  quantities  of  excavated  materials  and  of  concrete  and  other 
materials  used  for  a  10-foot  i.d.  tunnel  would  be  roughly  50  percent  of  those  for 
a  15-foot  tunnel.    An  added  advantage  to  the  smaller  size  tunnel  is  the  fact  that 
rock  stability  problems  would  be  less  severe,  and  full  face  tunneling  can,  most 
probably,  be  used  also  through  the  poorer  quality  rock. 

However,  because  blasting  will  pull  a  shorter  length  of  tunnel  excavation 
per  round  in  the  smaller  tunnel,  and  because  space  is  more  limited,  the  rate  of 
advance  is  not  likely  to  be  increased  (it  could  even  be  reduced),  and  hauling  of 
rock    through  the  tunnel  to  the  portal  will  be  less  efficient.      The  required 
labor  force  would  be  of  the  order  of  three-quarters  of  that  required  for  the 
15-foot  tunnel .  ' 

Overall,  we  estimate  that  the  Northern  Route  -  Lobos  Creek  Alternate  if  built 
with  a  10-foot  diameter  instead  of  a  15-foot  diameter,  would  cost  75  percent  of  the 
$27.6  Million  shown  in  Section  7,  or  about  $21  Million. 

Within  the  estimating  accuracy,  tunnel  sizes  between  9  and  15  feet  can  be 
estimated  by  linear  interpolation.    Tunnels  smaller  than  9  feet  in  diameter  would 
be  increasingly  less  practical  to  build,  and  little  economic  benefit  would  be  derived 
from  considering  tunnels  of  such  sizes. 
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9.         SCHEDULE  CONSIDERATIONS 

Project  duration  is  controlled  by  the  tunneling  operations.    The  bulk  of 
the  cut-and-cover  sewers  along  the  Great  Highway,  and  also  in  the  Lobos  Creek  area, 
can  be  constructed  simultaneously  with,  and  in  much  less  time  than,  the  mined 
tunnel.    However,  an  allowance  of  two  months  for  completing  the  interface  in  the 
portal  area  is  considered  necessary. 

Setting  proper  noise  and  vibration  control  levels  will  permit  around-the- 
clock  tunneling  operations;  accordingly,  a  schedule  for  the  Northern  Route  -  Lobos 
Creek  Alternative  has  been  developed  on  the  basis  of  working  from  two  portals  on 
three  eight-hour  shifts,  five  days  a  week.    Provision    for  adequate  tunnel  muck 
storage  in  the  transfer  area  will  eliminate  need  for  truck  transport  on  city 
streets  during  the  night  shift. 

Twenty- six   months  will  be  required  to  mobilize,  prepare  the  portal  areas, 
and  drive  and  line  the  tunnels.    Adding  two  months  for  completing  the  interfaces 
results  in  a  project  duration  of  28  months.    Restrictions  either  of  portal  work 
area  or  of  hours  worked  will  increase  both  time  and  cost.    If  the  tunnel  must  be 
driven  from  one  portal  only,  42  months  would  be  required ;  the  project  costs  would 
also  increase  markedly  because  of  the  extended  overhead. 
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10.       IDENTIFICATION  OF  ENVIRONMENTAL  IMPACTS 

Certain  impacts  of  construction  have  been  identified  at  this  time,  but 
further  study  is  required  to  assess  the  magnitude  and  importance  of  these  impacts. 
The  impacts  of  construction  of  the  Northern  Route  -  Lobo ,  Creek  Alternative  include 
at  least  the  following: 

•  Effects  on  Groundwater:    Lowering  of  the  groundwater  will  be  limited  in 
extent  and  is  not  expected  to  cause  measurable  settlements.    Surface  pumps 
and  piping  also  will  be  minimal. 

•  Space  Obstruction:    Parking  and  traffic  on  the  Great  Highway  will  be 
affected  north  of  Fulton  Street.    Fulton,  Cabrillo  and  Balboa  Streets 
may  suffer  temporary,  partial  closing.    Traffic  interruptions  at  Lincoln 
Boulevard  will  be  minimal. 

§    Noise  and  Vibrations:    Tunnel  ventilation  will  generate  significant  high- 
pitched  noise.    Tunnel  portal  and  work  areas  will  generate  ordinary  con- 
struction noise.    However,  the  muffling  of  ventilation  and  other  stationary 
equipment  is  now  commonplace  when  tunneling  in  urban  areas  and  these  noises 
can,  therefore,  be  kept  within  acceptable  limits.    Truck  traffic  to  and 
from  the  work  areas  will  contribute  to  noise  impact,  but  the  daily  tunnel 
traffic  will  be  nominal  because  of  relatively  low  haul  requirements. 
Blasting  noise  and  vibrations  are  not  expected  to  be  significant  for  rock 
tunneling  because  of  the  topography  at  the  Great  Highway  portal  and  the 
absence  of  rock  for  more  than  1,000  feet  from  the  Lobos  Creek  portal. 

•  Visual  Impact:    The  visual  impact  of  construction  will  be  the  greatest  at 
Lobos  Creek,  where  a  few  private  homes  overlook  the  portal  area. 

•  Easements:    Provisions  must  be  made  to  secure  appropriate  easements  under 
a  large  number  of  private  and  public  properties. 

ft    Utilities:    Though  utilities  have  not  been  studied  in  detail,  it  appears 
that  few,  if  any,  existing  utilities  would  be  affected. 

•  Ecological  Impact:    A  modest  temporary  ecological  impact  may  be  expected, 
particularly  in  the  Lobos  Creek  area.    Some  plant  growth  may  be  disrupted. 
However,  subsequent  landscaping  will  eliminate  permanent  impact. 

•  Air  Quality:    Some  dust  and  fumes,  limited  to  the  portal  vicinities,  may 
be  expected. 

ft    Traffic:    Dump  and  delivery  trucks,  and  workers'  cars,  will  add  to  street 
parking  and  traffic. 
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11.  CONCLUSIONS 

The  geotechnical  explorations  have  sampled  only  a  small  fraction  of  the 
soils  and  rocks  that  will  be  encountered  in  tunneling  along  any  one  of  the  study 
alignments.    Rock  and  groundwater  contours  are  based  on  a  very  limited  number  of 
data  points.    In  particular,  the  character  of  the  bedrock  mass  along  the  Northern 
Route  is  not  well-defined  because  of  the  much  more  variable  nature  of  the  rock  as 
compared  to  the  dune  and  Colma  sands  of  the  other  route. 

For  these  reasons,  the  estimates  developed  in  this  study  must  be  used 
with    care.       Additional  explorations  carried  out  for  purposes  of  refinement  and 
further  study  of  any  potential  alignment  may  disclose  conditions  that  differ  from 
the  assumptions  used  in  this  study. 

Environmental  and  institutional  effects  and  constraints  have  not  been  con- 
sidered fully  in  this  study.    For  the  final  alignment  selection,  these  items  as 
well  as  the  hydraulic  characteristics  of  the  several  schemes  described  must  be 
considered . 

The  conclusions  reached  in  this  study  are,  briefly,  as  follows: 

t    The  Northern  Route,  essentially  a  rock  tunnel,  is  the  least  expensive, 

by  a  substantial  margin,  and  appears  to  offer  the  fewest  engineering  and 

construction  problems. 

•  The  Direct  Route  is  the  shortest  route  and  is  intermediate  in  costs.  Its 
construction  is  complicated  by  the  need  to  use  both  rock  tunneling  and 
compressed  air  soil  tunneling  techniques.    It  passes  beneath  numerous 
properties,  some  of  which  with  the  present  alignment  would  be  endangered 
settlements  (dune  sand  with  shallow  cover). 

t    The  Southern  Route  is  the  longest  and  most  expensive  route.    It  would 
involve  compressed  air  tunneling  for  most  of  its  length. 

•  An  alternate  alignment  of  the  north-eastern  end  of  the  Transport  Sewer 
Tunnel  to  a  portal  near  the  Lobos  Creek  Culvert  under  Lincoln  Boulevard, 
offers  some  attractive  features: 

-  Elimination  of  disruptive  sewer  and  drop  shaft  work  in  Lake  Street. 

-  Shortening  of  the  pressure  line  from  Seacliff  Pump  No.  2. 

-  Reduction  in  future  Seacliff  pumping  costs. 

-  Reduction  of  time  required  to  construct  the  project. 

t    The  Northern  Route  -  Lobos  Creek  Alternative  is  estimated  at  $27,600,000 
and  can  be  built  in  28  to  42  months,  depending  on  work  restrictions  and 
conditions. 
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•    The  Northern  Route  -  Lobos  Creek  Alternative  appears  to  offer  the  least 
adverse  construction  impact,  provided  adequate  work  space  is  allowed 
at  the  portals. 

t    Though  the  Northern  Route  -  Lake  Street  alignment  and  the  Northern  Route 
Lobos  Creek  alignment  appear  essentially  equal  in  estimated  cost,  life- 
time economy,  the  lesser  environmental  impact,  engineering  practicality, 
and  project  duration  all  favor  the  Lobos  Creek  alignment. 
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APPENDIX  D 
SEISMIC  STUDIES 


D1.0     SEISMIC  RISK  EVALUATION 

Dl . 1    General  Methodology 

The  seismic  risk  at  the  site  was  evaluated  by  sunning  the  probable  risk 
contributions  from  the  individual  faults  surrounding  the  site.  The  steps  in 
the  analysis  are  as  follows: 

1)  Establish   the   seismic   setting.      Review  regional  geologic  and 
tectonic  information  to  locate  active  faults. 

2)  Catalogue  the  seismic  history.     Prepare  a  list  of  earthquakes  that 
have  occurred,  based  on  historic  and  instrumental  records. 

3)  Calculate   the   seismic   risk.      Compute   the  probabilities   of  occur- 
rence of  ground  surface  accelerations  for  two  design  lives. 

The  three  steps  are  explained  in  greater  detail  below. 

Traditionally,  seismic  risk  has  been  assessed  subjectively  from  geo- 
logic and  tectonic  data  and  historical  records.  Generally  the  maximum  event 
was  estimated  for  each  fault,  then  the  maximum  possible  acceleration  at  the 
site  was  calculated  using  an  attenuation  relationship.  Such  studies  are 
valuable  for  estimating  the  maximum  loads  that  structures  may  be  subjected 
to,  but  they  do  not  indicate  the  probability  of  different  acceleration 
levels  occurring  during  the  life  of  the  structure. 

For  this  study  the  seismic  risk  at  the  site  was  evaluated  using  a 
statistical  method  first  presented  by  Cornell  and  Vanmarke  (1969)  and  sub- 
sequently developed  by  Donovan  of  Dames  &  Moore.  Details  of  the  numerical 
procedure  are  given  in  publications  by  Donovan  and  Bornstein  (1978).  The 
region  around  the  site  was  divided  into  discrete  cells  and  the  probability  of 
different  magnitude  events  occurring  within  each  cell  was  computed,  based  on 
past  seismic  activity.  The  acceleration  at  the  site  from  each  postulated 
event  was  computed  using  an  appropriate  attenuation  relationship.  The 
contributions  from  all  sources  were  then  used  to  arrive  at  the  probability 
of  each  acceleration  level  at  the  site.  The  results  are  expressed  as  the 
probability    of    each   acceleration   level    being   exceeded   during    the  project 
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design  life  (50  or  100  years),  as  shown  on  Plates  10A  and  10B  in  the  nain 
text.  Site  accelerations  were  calculated  from  two  attenuation  relationships; 
one  generated  from  accelerations  recorded  on  exposed  bedrock  and  stiff  soil 
sites,  and  the  other  from  firm  soil  site  accelerations. 

Dl . 2  Assumptions 

A  seismic  risk  analysis  includes  several  assumptions  regarding  earth- 
quakes. These  assumptions  are  inherent  in  the  subjective  choice  of  earth- 
quakes for  seismic  design  but  are  often  not  clearly  defined.  The  three 
principal  assumptions  are: 

1.  That  the  seismic  history  and  tectonics  are  sufficiently  well 
known  to  estimate  the  seismic  activity  of  the  region.  The  occur- 
rence of  each  earthquake  is  assumed  to  be  unaffected  by  previous 
or  subsequent  events,  and  recurrence  intervals  are  assumed  to 
be  random.  The  latter  assumption  conflicts  with  the  hypothesis 
that  earthquakes  are  caused  by  the  release  of  slowly  accumulating 
crustal  strains.  However,  the  historical  data  is  not  extensive 
enough    to  justify  a  more  sophisticated  model. 

2.  That  the  rate  of  occurence  of  earthquakes  can  be  expressed  as  a 
function  of  magnitude  as  follows; 

log  N  =  a  -  bs  M 

where  N  is  the  number  of  events  of  magnitude  M  or  greater  for  the 
period  being  studied,  and  a  and  bs  are  constants  dependent  on 
the  seismicity  of  the  area. 

3.  That  the  decrease  of  acceleration  amplitude  with  distance  from  the 
seismic  energy  source  can  be  adequately  expressed  by  an  appropriate 
attenuation  equation. 

Dl .3    Source  Model 

The  geographical  region  for  the  seismic  risk  model  includes  the  major 
tectonic  features  and  historic  sources  of  seismicity  surrounding  the  site. 
The  region  incorporated  was  large  enough  such  that  seismic  risk  contributions 
from  the  outside  area  may  be  considered  negligible. 
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The  earthquake  source  model  for  this  study  is  shown  on  Plate  D-l. 
A  rectangular  grid  source  model  was  chosen  because:  a)  the  grid  easily 
reproduces  irregular  fault  traces  and  b)  the  grid  accurately  models  random 
areal  activity.  The  computations  of  point  source  seismic  risk  contributions 
are  more  efficient  than  computations  for  other  types  of  models,  especi- 
ally when  the  uncertainty  of  parameters  such  as  the  attenuation  relationship 
are  included  in  the  analysis. 

In  addition  to  modeling  the  well-known  primary  faults  in  the  San 
Francisco  Bay  Area,  an  upper  bound  or  limiting  magnitude  was  assigned  to  each 
source  region.  No  rigorous  method  for  evaluating  this  upper  bound  event  has 
yet  been  devised.  Therefore,  the  maximum  event  on  each  fault  has  been  esti- 
mated by  an  empirical  relationship  between  total  fault  length,  fault  rupture 
length,  and  magnitude. 

Upper  bound  magnitudes  were  selected  as  follows.  First,  the  total 
length  of  each  fault  shown  on  Plate  D-l  was  estimated  from  published  geo- 
logic data.  The  rupture  length  for  a  given  earthquake  was  then  estimated. 
Observations  by  Albee  and  Smith  (1967)  indicate  that  fault  rupture  length 
typically  ranges  between  one-fifth  and  one-half  of  the  total  fault  length  and 
that  surface  expression  of  the  fault  is  usually  one-third  of  the  total  fault 
length.  The  results  of  using  empirical  relationships  between  earthquake 
magnitude  and  fault  length  by  Bonilla,  Albee  and  Smith  and  Greensfelder  are 
shown  in  Table  D-l.  The  analysis  is  relatively  insensitive  to  the  choice 
of  the  upper  bound  magnitude  as  compared  to  the  other  parameters  in  the  risk 
analysis;  so  the  conservative  assumption  that  the  length  of  surface  rupture 
is  one-half  of  the  total  fault  length  has  been  adopted. 

It  has  also  been  assumed  that  an  event  of  up  to  magnitude  6.0  may  occur 
anywhere  within  the  source  area.  Major  earthquakes  have  been  recorded  in 
California  distant  from  known  faults,  and  aftershocks  of  large  earthquakes 
have   been   centered   at   considerable   distances   from   the   original  epicenter. 
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TABLE  D-l 


LIMITING  MAGNITUDES  ON  SIGNIFICANT  FAULTS 


Fault 
Hay ward 
Calaveras 


Total 
Length 
(kilometers ) 

126 

121 


Sargent 

Berrocal  87 

San  Andreas  885 

Seal  Cove- 
San  Gregorio  177 

Healdsburg  42 


Assumed 
Rupture  Length 
(kilometers ) 

63 

60 


43 
443 

89 
21 


Maximum  Credible 
Earthquake 


Greens- 
f elder 

7.5* 

7.5* 

7.0 
8.25* 

7.0 
6.75 


Albee/ 
Bonilla  Smith 


7.3 
7.3 

7.7* 
8.3 

7.5* 
6.6* 


7.4 
7.4 

7.3 
8.2 

7.6 
6.5 


*Value  used  as  the  upper  bound  in  the  seismic  risk  analysis. 

Dl .4    Seismic  Recurrence  Rates 

Two  procedures  have  been  presented  in  the  literature  for  defining 
earthquake  return  rates  as  a  function  of  magnitude.  The  more  familiar  is 
that  derived  by  Gutenberg  and  Richter  (1956)  which  expresses  the  magnitude  of 
an  event  as  a  function  of  the  logarithm  of  the  number  of  events  equal  to  or 
greater  than  that  magnitude.  Recurrence  rates  calculated  from  the  historical 
data  base  are  plotted  on  Plate  D-2.  The  annual  number  of  earthquakes  exceed- 
ing a  base  magnitude  and  the  magnitude-dependent  recurrence  rates  must  be 
estimated  for  the  analysis.  This  information  is  also  given  on  Plate  D-2. 
Those  events  in  the  historical  data  base  expressed  by  Modified  Mercalli 
intensities  were  converted  to  Magnitudes  using  the  empirical  relationship 
(Richter  (1958): 

M  =  |  I  +  1.0  (1) 
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This  equation  converts  integer  Intensities  to  Magnitudes  which  are  integer 
multiples  of  1/3  as  can  readily  be  seen  in  the  clustering  of  data  points  on 
Plate  D-2.  The  following  relationship  between  recurrence  rate  and  Magnitude 
was  obtained  by  a  least  squares  curve  fit  to  the  data; 

Log  N  =  4.81  -  0.56  M  (2) 
where  N  is  the  number  of  events  having  a  magnitude  equal  to  or  greater  than  M 
within  a  radius  of  100  kilometers  during  the  166-year  data  period. 

Seismic  risk  was  computed  in  the  analysis  from  the  activity  rate  and 
magnitude  distribution  defined  by  Equation  2.  80  percent  of  the  total 
activity  was  attributed  to  the  known  active  faults  with  the  remainder  ran- 
domly distributed  throughout  the  region.  The  activity  was  distributed  along 
individual  faults  in  proportion  to  their  lengths. 

Dl . 5    Attenuation  Relationship 

Dl.5.1    Firm  Soil  Sites 

Donovan  (1973)  developed  the  attenuation  relationship  for  firm  soils 
used  in  this  study.  Mean  peak  acceleration  was  computed  from  earthquake 
magnitude  and  hypocentral  distance  as  follows; 

y  =  1080  e°-5M  (R+25)"1-32  (3) 
where  y  =  mean  peak  acceleration,  in  cm/sec2 
M  =  magnitude 

R  =  hypocentral  distance,  in  kilometers. 
For  this  study  a  focal  depth  of  15 
kilometers  was  used. 
This  equation  is  plotted  for  several  magnitudes  on  Plate  D-3A. 

Dl.5.2    Stiff  Soil  and  Rock  Sites 

The  attenuation  relationship  used  for  stiff  soil  and  rock  sites  was 
developed  by  Donovan  and  Bornstein  (1978)  and  is  given  below; 

y  =  b,  eb2M  (R+25)-b3  (4> 
where  y,  M  and  R  are  as  in  equation  (3) 
and      b1  =  2,154,000  R-2*1 

b2  =  0.046+0.193  log  R 

b3  =  2.515-0.212  log  R 

The   rock   and    stiff    soil   attenuation   relationship   is    shown   on   Plate  D-3B. 
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Esteva  (1970)  and  Donovan  (1973)  have  shown  that  measured  peak  acceler- 
ations are  lognormally  distributed  about  the  mean.  The  randomness  in  the 
attenuation  relationship  has  been  included  in  the  seismic  risk  analysis 
(Donovan  and  Bornstein,  1978).  The  results  obtained  by  including  this 
uncertainty  provide  the  best  estimate  of  the  mean  recurrence  rate  for 
the  mean  peak  acceleration.  For  this  study,  a  fixed  uncertainty  (standard 
deviation)  of  0.5  was  used  to  represent  the  scatter  in  the  attenuation  data 
for  firm  soil  sites.  The  standard  deviation  decreases  from  0.48  to  0.3  with 
increasing  acceleration  in  the  stiff  soil  and  rock  site  attenuation  relation- 
ship used  in  the  analysis. 

D2.0     SEISMIC  SITE  RESPONSE  ANALYSIS 

D2. 1  General 

The  seismic  response  of  soil  and  rock  at  the  site  during  a  major 
earthquake  was  investigated  in  three  stages:  1)  evaluation  of  soil  and  rock 
properties,  ground  water  elevation  and  penetration  resistance  information 
from  boring  logs,  2)  static  and  dynamic  testing  of  soil  samples  in  the 
laboratory  and  3)  seismic  response  studies  to  estimate  the  peak  ground  motion 
and  liquefaction  potential  during  a  major  earthquake. 

The  soil  and  rock  profiles  used  for  the  seismic  site  response  analysis 
were  based  on  the  results  of  the  subsurface  investigations  described  in  the 
main  report  and  in  Appendix  A.  These  data  included  a  limited  amount  of 
information  obtained  from  reports  by  others,  notably  near  the  Great  Highway 
at  the  former  Playland-At-The-Beach  area  (Lee  and  Praszker,  1972).  Repre- 
sentative static  soil  properties  such  as  moisture  and  density,  grain-size 
distribution,  shear  strength,  and  permeability  were  selected  from  the  results 
of  the  testing  program  conducted  for  the  subsurface  investigation. 

D2 .2    Ground  Response  Analysis 

The  soil  and  rock  topography  vary  widely  across  the  site  and  as  a 
consequence  the  characteristics  of  earthquake  induced  ground  motion  may  also 
vary  widely.  Four  types  of  soil  and  rock  profiles  have  been  identified  along 
the  three  alternate  routes.  They  are  classified  as  follows,  in  terms  of  the 
type  and  depth  of  soils  and/or  rock  covering  the  tunnel; 
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a)  Massive  rock  profile.  A  tunnel  following  the  northern  route  would 
be  covered  by  up  to  300  feet  of  sedimentary  and  met  amorphic  rock. 
Rock  conditions  range  from  massive  and  very  hard  to  fractured  and 
highly  weathered. 

b)  Rock  ridge  under  soil.  If  the  tunnel  followed  the  direct  route,  it 
would  penetrate  a  rock  saddle  midway  between  its  endpoints.  The 
rock  section  would  be  about  2500  feet  long,  with  about  200  feet  of 
rock  under  50  feet  of  soil  at  the  point  of  deepest  cover. 

c)  Soil  profile.  Both  ends  of  the  northern  and  direct  routes,  and  all 
of  the  southern  route  would  be  excavated  in  soil  with  a  depth  of 
cover  ranging  from  virtually  zero  to  as  much  as  200  feet. 

d)  Rock/soil  transition.  A  tunnel  following  either  the  northern  or 
direct  routes  would  begin  in  soil,  pass  through  rock,  then  enter 
soil  again.  The  soil  cover  along  the  northern  route  would  be 
fairly  shallow  at  the  rock-soil  interface,  while  on  the  direct 
route,  the  tunnel  would  leave  the  rock  about  two  hundred  feet  below 
the  surface. 

D2 . 2 . 1    Massive  Rock  Profile  Response 

Seismic  response  within  rock  masses  has  not  been  extensively  studied 
in  the  past  because  structures  in  rock  have  historically  suffered  little 
earthquake-induced  damage.  It  is  generally  accepted  that  peak  accelerations 
decrease  slightly  with  depth  within  the  rock  mass.  It  is  our  opinion  how- 
ever, that  the  difference  in  response  would  be  too  slight  to  have  much 
engineering  significance  in  this  case. 

Rock  quality  and  the  orientation  of  discontinuities  can  affect  local  rock 
mass  response.     Relative  motion  and  permanent  deformation  in  the  rock  during 
earthquake  shaking  generally  take  place  along  existing  joints,    shear  planes 
and  faults. 

D2.2.2    Rock  Ridge  Response 

The  seismic  response  of  the  rock  within  an  isolated  rock  ridge,  as  in 
the  direct  route,  would  probably  be  somewhat  greater  than  the  response  of 
massive  rock. 
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Bedrock  surface  geometry  can  amplify  seismic  motions.  Recorded 
accelerations  on  a  rock  promontory  (Pacoima  Dam  site)  during  the  1971  San 
Fernando  earthquake  were  much  higher  than  those  recorded  in  the  valley  below. 
Most  of  the  structures  damaged  by  the  1957  San  Francisco  earthquake  were  on  a 
bluff  overlooking  the  ocean  (Oakeshott,  1959).  It  is  quite  probable  that 
rock  motion  displacements  increase  in  rock  ridges  and  promontories. 

D2.2.3    Soil  Response 

The  response  of  a  soil  profile  to  strong  earthquake  motion  may  differ 
significantly  from  the  induced  motion  in  rock.  Displacements  and  hence 
strains  are  usually  greater  in  soil  than  in  rock.  Soil  response  to  botn  body 
waves  and  surface  waves  were  considered  and  a  discussion  of  each  is  given 
below. 

D2.2.3.1     Soil  Response  to  Body  Waves 

The  response  of  representative  soil  profiles  to  vertically  propagating 
shear  waves  was  evaluated  by  the  method  of  Schnabel,  et  al.,  (  1972).  Based 
on  the  representative  profiles  shown  on  Plate  D-13,  200-foot,  150-foot  and 
50-foot  soil  columns  were  analyzed  using  the  S80E  component  of  the  Golden 
Gate  Park  record  of  the  1957  San  Francisco  earthquake  (maximum  acceleration 
=0.13g)  and  by  the  same  record  amplified  by  a  factor  of  three  (maximum 
acceleration  =0.39g)  as  bedrock  motions.  The  original  accelerogram  was 
recorded  on  a  rock  outcrop.  The  record  represents  rock  surface  response  to 
moderate  shaking  on  a  nearby  section  of  the  San  Andreas  fault.  The  results 
of  the  analysis  are  summarized  on  Plate  11  of  the  main  text. 

The  characteristics  of  the  one-dimensional  dynamic  response  analysis 
were  examined  in  detail  to  assure  proper  interpretation  of  the  results.  The 
computed  motion  represents  the  seismic  response  of  a  horizontally-layered 
soil  profile  of  semi-infinite  lateral  extent.  Thus,  the  real  soil  profile 
shown  on  Plate  13  differs  from  the  idealized  soil  column  model.  The  soil 
layers  are  not  horizontal,  and  the  soil  motion  in  the  plane  of  the  section  is 
restrained  on  one  side  by  the  emerging  rock  mass.  The  real  rock  surface  is 
not  horizontal  and  the  maximum  rock  surface  motion  is  also  unlikely  to  be 
horizontal.  Significant  energy  may  propagate  towards  the  surface  at  an  angle 
with  the  vertical,  rather  than  vertically  as  assumed  in  the  model. 
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The  response  of  a  soil  layer  over  a  sloping  rock  surface  has  been 
studied  in  detail  by  Dezfulian  and  Seed  (1970).  The  computed  response  of  a 
series  of  soil  columns  representing  the  sloping  bedrock  profile  was  compared 
with  a  more  rigorous  two-dimensional  finite  element  solution. 

Seed  et  al . ,  (1972)  also  analysed  the  response  of  an  alluvium-filled 
valley  over  a  sloping  rock  surface  in  Caracas,  Venezuela.  The  results  of 
this  analysis  were  in  good  agreement  with  the  observed  building  damage  after 
the  1967  Caracas  earthquake. 

These  studies  have  indicated  that  the  shallow  soil  surface  acceleration 
computed  by  the  soil  column  analysis  is  usually  slightly  higher  than  the 
surface  acceleration  computed  by  the  finite  element  analysis. 

Both  of  the  studies  cited  above  concluded  that  ground  motions  in  soil 
over  a  sloping  bedrock  surface  are  amplified  in  the  shallow  soil  region  just 
in  front  of  the  emerging  bedrock  surface.  The  one-dimensional  soil  column 
analyses  performed  for  this  investigation  also  indicate  that  the  soil  res- 
ponse will  be  greatest  near  the  emerging  rock  slope.  Deep  soil  acceleration 
response,  and  horizontal  strains  throughout  the  profile  are  expected  to  be 
about  the  same  for  the  two  methods  of  analysis.  The  results  of  the  soil 
column  analyses  agree  well  with  observations  of  high  ground  disturbance  at 
the  edge  of  soil  deposits  during  the  1906  San  Francisco  earthquake  (Lawson, 
1908). 

The  pattern  of  acceleration  amplification  in  the  soil  columns  also 
varies  with  the  peak  base  acceleration  amplitude.  The  deep  soil  column 
amplifies  moderate  base  motion  (0.13g)  slightly,  but  it  deamplifies  the 
stronger  motion  (0.39g)  significantly.  The  shallow  profile  amplifies  mod- 
erate base  motion  more  than  strong  base  motion. 

The  direction  of  fault  movement  influences  the  directional  distribution 
of  soil  response  in  a  horizontal  plane.  The  accelerograms  recorded  during 
the  1957  San  Francisco  earthquake  (Oakeshott,  1959)  reflect  this  variation. 
Strike-slip  motion  on  the  San  Andreas  fault  produces  shear  waves  with  higher 
amplitude  in  a  direction  parallel  to  the  fault  trace. 
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D2.2.3.2    Soil  Response  to  Surface  Waves 

Soil  response  to  Love  and  Rayleigh  surface  waves  was  also  considered. 
Love  waves  create  ground  motion  in  a  horizontal  plane  transverse  to  the 
direction  of  propagation  while  Rayleigh  waves  result  in  ground  motion  in  a 
counter-clockwise  ellipse  in  a  vertical  plane  parallel  to  the  direction  of 
propagation.  The  fault  movement  direction  and  fault  orientation  with  respect 
to  the  site  determine  the  relative  amplitude  of  surface  waves  in  a  given 
direction.  These  waves  are  produced  when  body  waves  intersect  surface  soil 
and  rock  layers  at  a  low  angle  and  propagate  along  the  surfaces  of  these 
layers.  Their  amplitude  usually  become  significant  at  epicentral  distances 
greater  than  the  depth  of  the  major  energy  release.  Although  all  earthquakes 
produce  surface  waves  over  a  broad  range  of  frequencies,  the  bulk,  of  the  wave 
energy  is  transmitted  at  relatively  low  frequencies,  usually  less  than  about 
2Hz. 

Surface  wave  amplitudes  increase  significantly  as  the  waves  propagate 
from  near-surface  bedrock  into  a  deep  soil  with  a  lower  natural  frequency. 
Drake  and  Mai  (1972)  have  studied  the  amplification  of  surface  waves  as 
they  propagate  from  a  rock  outcrop  into  a  soil  layer  of  gradually  increasing 
thickness.  Surface  wave  acceleration  amplitudes  are  usually  lower  than  body 
wave  acceleration  amplitudes,  but  surface  wave  displacements  and  strains  are 
usually  greater  than  those  produced  by  body  waves.  Soil  displacements  will 
control  the  tunnel  response,  thus  surface  wave  displacement  amplitude  cri- 
teria are  important  to  this  project. 

D2.3    Slope  Stability 

Based  upon  an  evaluation  of  the  topography  and  subsurface  conditions 
throughout  the  study  area,  it  is  our  opinion  that  the  only  location  where 
seismically  induced  slope  failures  are  likely  to  influence  the  proposed 
construction  is  adjacent  to  Lobos  Creek.  At  this  location,  shallow  raveling 
of  the  steep  slopes  south  and  west  of  the  creek  and  of  the  Lincoln  Boulevard 
embankment  over  the  creek  might  be  expected  during  strong  earthquake  shaking. 
Even  under  these  conditions,  it  is  our  opinion  that  the  tunnel  would  probably 
not  be  endangered  by  the  slope  instability. 
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If,  however,  strong  earthquake  shaking  resulted  in  soil  liquefaction  in 
the  streambed  deposits  near  or  under  the  toe  of  these  slopes,  the  probability 
of  deeper  slides  occurring  increases.  These  deeper  slides  may  lead  to  tunnel 
damage.  Even  the  very  flat  slopes  near  the  Great  Highway  may  be  subject  to 
instability  if  extensive  soil  liquefaction  were  to  occur.  The  liquefaction 
potential  is  discussed  in  section  3.7  of  the  main  report  and  the  method  of 
analysis  is  described  below. 

D2 .4    Liquefaction  Potential  Analysis 

Three  sections  of  the  study  area  were  identified  as  being  most  suscep- 
tible to  liquefaction.  These  areas  are  1)  the  region  near  the  Great  Highway 
from  Fulton  Street  to  Sutro  Heights  Park,  2)  the  northern  edge  of  Golden  Gate 
Park  and  Fulton  Street  from  the  Great  Highway  to  26th  Avenue,  and  3)  the 
Lobos  Creek  area,  particularly  the  streambed  itself.  There  was  insufficient 
field  data  to  perform  an  analysis  for  the  Lobos  Creek  area,  so  our  evaluation 
of  this  area  is  based  upon  a  literature  review  of  the  performance  of  stream 
channel  deposits  during  strong  earthquakes  (Lawson,  1908). 

For  the  Fulton  Street  and  Great  Highway  area,  the  liquefaction  poten- 
tial in  the  dune  sand  above  and  around  the  tunnel  was  investigated  by  two 
methods:  dynamic  laboratory  tests  on  representative  samples,  and  evaluation 
of  field  blow  count  values.  Blow  count  data  and  test  samples  for  the  analy- 
ses were  obtained  from  the  Great  Highway  area,  El  Camino  del  Mar,  and  the 
north  side  of  Golden  Gate  Park. 

All  of  the  liquefaction  analyses  were  directed  toward  evaluating  the 
performance  of  dune  sand.  The  liquefaction  potential  of  Colraa  sand  was  not 
investigated  because  it  is  considered  to  be  more  resistant  to  liquefaction 
than  dune  sand.  The  results  of  the  liquefaction  analyses  are  discussed  in 
section  3.7  of  the  main  report  and  are  summarized  below. 

It  is  concluded  that  widespread  liquefaction  of  the  soils  around  the 
sewer  is  unlikely.  However  the  alluvium  at  the  bottom  of  Lobos  Creek  and 
localized  zones  near  the  Great  Highway  could  liquefy  during  a  major  earth- 
quake. Many  cases  of  stream-bed  liquefaction  during  the  1906  earthquake  are 
documented  in  the  Lawson  report.  It  is  our  opinion,  however,  that  the  tunnel 
could   be    designed    to    safely    span    small    localized    areas    of  liquefaction. 
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Slope  instability  of  the  Lincoln  Boulevard  embankment  due  to  liquefaction  in 
Lobos  Creek  could  also  affect  the  sewer  unless  adequate  protective  measures 
are  incorporated  during  construction. 

D2.4.1    Method  of  Analysis  Based  on  Blow  Count  Data 

The  soil  blow  count  data  from  the  borings  was  evaluated  according  to 
the  simplified  method  presented  by  Seed  (1976).  Two  analyses  were  carried 
out:  one  for  conditions  near  the  Great  Highway,  and  one  for  conditions 
along  Fulton  Street  on  the  north  side  of  Golden  Gate  Park. 

All  standard  penetration  values  (N-values)  were  normalized  to  an 
effective  overburden  pressure  of  1  ton  per  square  foot.  Blow  counts  fron 
the  Dames  and  Moore  U-Type  samples  were  converted  to  equivalent  standard 
penetration  test  (SPT)  values  by  a  relationship  derived  from  borings  in 
which  both  SPT  and  U-Type  samples  had  been  taken.  Normalized  penetration 
resistance  values  from  the  same  depths  in  different  borings  were  then  aver- 
aged and  the  standard  deviation  computed.  These  data  are  plotted  on  Plates 
12A  and  12B  for  each  of  the  two  study  areas. 

The  ratio  of  cyclic  shear  stress  to  effective  overburden  stress  re- 
quired to  cause  liquefaction  at  each  depth  was  then  evaluated  from  the 
empirical  relationship  presented  by  Seed  (1976).  For  the  Great  Highway  area, 
this  evaluation  was  based  on  a  peak  ground  surface  acceleration  of  0.48g  as 
calculated  in  the  soil  response  analysis  for  shallow  soil  conditions.  For 
the  Fulton  Street/north  edge  of  Golden  Gate  Park  area,  the  evaluation  was 
based  on  a  peak  ground  surface  acceleration  of  0.26g  as  computed  in  the  soil 
response  analysis  for  deep  soil  conditions. 

The  results  are  shown  on  Plates  12A  and  12B  as  the  minimum  normalized 
blow  count,  Nj_,  required  to  resist  liquefaction.  In  both  instances  the 
computed  minimum  line   is   significantly  less   than   the  mean  (normalized) 

blow  count  measured  in  the  field,  indicating  that  widespread  liquefaction  is 
unlikely.  However,  the  spread  of  the  data  relative  to  the  location  of  the 
N"i  line  suggests  that  liquefaction  is  possible  in  localized  zones. 
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D2.4.2    Laboratory  Testing  for  the  Liquefaction  Study 


A  testing  program  was  carried  out  to  investigate  the  liquefaction 
potential  of  the  upper  dune  sands.  The  program  included  stress-controlled 
cyclic  triaxial  tests,  undrained  compression  tests  to  measure  residual 
strength  after  liquefaction  and  relative  density  tests  to  determine  the 
possible  effects  of  sample  disturbance.  The  grain  size  distribution  of  the 
samples  was  also  measured. 

Stress-controlled  cyclic  triaxial  tests  were  performed  on  samples  from 
different  parts  of  the  site.  Four  samples  were  selected  from  a  depth  of 
approximately  20  feet  and  reconsolidated  to  a  uniform  confining  pressure 
simulating  the  overburden  pressure.  A  fixed-amplitude  sinusoidal  vertical 
load  was  then  applied  to  the  top  of  each  sample  and  the  number  of  load  cycles 
to  liquefaction  measured.  One  sample  was  tested  at  a  load  amplitude  of  15°- 
of  the  overburden  pressure,  two  at  25%  and  one  at  30%.  The  number  of  cycles 
required  to  produce  10%  axial  strain  for  the  four  samples  is  shown  on  Plate 
D-4.  The  results  of  each  of  the  four  tests  are  shown  on  Plates  D-5A  through 
D-9B. 

The  results  shown  for  sample  5-2B  reflect  greater  disturbance  during 
field  sampling  and  sample  preparation  than  for  the  other  tests.  The  rela- 
tively large  number  of  cycles  shown  for  sample  8-9  at  10%  strain  was  caused 
by  a  reduction  in  load  amplitude  after  about  10  cycles. 

Although  all  test  data  points  do  not  fall  on  a  smooth  curve,  the  test 
results  are  consistent  with  the  sample  quality  and  test  loading  conditions. 
The  slope  of  the  curve  through  the  data  compares  well  with  the  typical 
curves  from  tests  on  other  clean  fine  sands. 

The  cyclic  triaxial  test  specimens  were  subjected  to  monotonically 
increasing  axial  strain  under  undrained  conditions  immediately  after  the 
dynamic  tests.  The  test  results  are  shown  on  Plate  D-ll  in  terms  of  the 
residual  shear  strength  of  the  soil  after  liquefaction. 

The  similarity  of  grain  size  distributions  of  the  four  test  samples  is 
illustrated  on  Plate  D-12. 
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D3.0    GROUND/ STRUCTURE  DYNAMIC  INTERACTION 

This  section  discusses  the  dynamic  interaction  of  the  tunnel  structure 
and  the  surrounding  ground.  Critical  portions  of  the  tunnel  for  seismic 
design  are  identified. 

D3 . 1    Rock  Tunnel  Response 

The  causes  of  damage  to  lined  tunnels  during  earthquakes  have  been 
studied  and  documented  by  Dowding  (1978).  He  investigated  the  dynamic 
interaction  between  the  tunnel  and  its  rock  environment,  and  prepared  recom- 
mendations for  safe  tunnel  design  and  construction. 

Dowding  found  that  earthquake-induced  damage  to  tunnels  in  intact 
massive  rock  is  usually  slight,  even  during  major  earthquakes.  An  important 
factor  contributing  to  the  low  tunnel  damage  is  that  the  lowest  natural 
frequency  of  Rayleigh  waves  that  may  propagate  around  the  inside  of  the 
tunnel  liner  is  higher  than  the  earthquake  frequencies  carrying  significant 
energy.  A  second  factor  is  that,  whereas  ground  motion  displacements,  not 
accelerations,  control  the  tunnel  response,  displacements  are  normally  much 
lower  in  bedrock  than  in  soil. 

The  only  documented  earthquake-induced  tunnel  failures  have  occurred  at 
active  fault  crossings  (Dowding,  1978).  Fortunately,  the  proposed  tunnel 
does  not  intersect  any  known  active  faults. 

Strong  ground  motion  may  damage  tunnel  liners  if  firm  contact  with  the 
rock  wall  is  not  provided.  Large  voids  between  the  tunnel  liner  and  rock 
wall  should  be  filled  with  grout.  Highly  weathered  or  shattered  rock  around 
the  tunnel  should  be  cleaned  carefully  to  assure  the  best  possible  contact 
with  the  liner. 

D3.2    Soil  Tunnel  Response 

Seismically  induced  loading  occurs  from  the  relative  motion  of  dif- 
ferent sections  of  the  tunnel.  Displacement  compatibility  generally  exists 
between  the  tunnel  and  the  surrounding  media. 

These  relative  motions  between  adjacent  tunnel  sections  generate  axial, 
shear  and  bending  loads  in  the  tunnel.  Field  measurements  of  actual  seismic 
tunnel  response,  model  tests  and  theoretical  analyses  have  demonstrated  that 
axial  loads  and  deflections,  rather  than  shear  or  bending  loads  and  deflec- 
tions, will  usually  control  design  (Goto  et  al.,  1973,  Okamoto  et  al.,  1973). 
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Theoretical  expressions  for  dynamic  axial  and  bending  strains  in  a 
straight  tunnel  have  been  developed  by  Sakurai  and  Takahashi  (1969). 

Sakurai,  et  al.  (1973)  also  derived  an  expression  for  the  vertical 
variation  of  firsc-mode  maximum  shear  strains  induced  in  soil  by  strong 
ground  motion.  The  expression  is  a  function  of  the  difference  in  velocity 
between  two  seismic  waves  traveling  in  opposite  directions.  Soil  strains  may 
also  be  obtained  from  one-dimensional  soil  response  analyses. 

D3.3    Soil/Rock  Transition 

The  seismic  response  of  a  rock  mass  and  of  a  shallow  the  soil  profile 
may  differ  significantly.  A  zone  of  relatively  large  strain  and  acceleration 
gradients  may  therefore  be  expected  near  the  interface  between  the  two 
materials . 

These  gradients  may  cause  high  relative  displacements  close  to  the 
interface.  Body  and  surface  wave  soil  displacements  may  be  significantly 
higher  than  displacements  in  the  adjacent  rock.  Tunnel  sections  at  the  rock 
portals  will  be  points  of  relative  structural  fixity.  Axial  and  transverse 
relative  displacements  between  the  tunnel  and  the  surrounding  soil  nay 
generate  significant  axial,  shear  and  bending  forces.  An  expression  for  the 
concentrated  moment  near  the  interface  between  two  materials  with  different 
rigidities  has  been  developed  by  Goto,  et  al.  (1973). 

In  practice  the  strain  induced  in  the  tunnel  close  to  the  soil/rock 
interface  during  strong  ground  motions  cannot  be  reduced  by  strengthening  the 
structural  design.  Stresses  can  generally  be  reduced,  however,  by  design 
measures  to  increase  the  ductility  of  the  structure  at  these  transition 
zones. 

D3.4    Soil  Liquefaction  Zones 

Extensive  liquefaction  of  the  soil  under  or  around  the  sewer  may 
generate  significant  tunnel  loads  and  displacements.  The  potential  for  and 
possible  locations  of  soil  liquefaction  have  been  discussed  in  section  3.7  of 
the  main  text  and  section  D2.4  of  this  Appendix.  The  magnitude  of  loading  is 
largely  a  function  of:  1)  the  extent  of  the  liquefied  zones,  2)  whether  the 
sewer  developed  positive  or  negative  bouyancy  during  soil  liquefaction  and  3) 
whether  any  lateral  movement  of   the   soil  mass   occurred  due  to  simultaneous 
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slope  instability.  It  is  our  opinion  that  serious  consideration  of  the  above 
factors  would  only  be  necessary  if  the  sewer  alignment  crossed  Lobos  Creek. 
In  this  case  a  short  section  of  the  sewer  may  require  special  design  measures 
to  resist  soil  instability.  Liquefaction  of  localized  pockets  of  loose  soil 
is  also  considered  to  be  possible  near  the  Great  Highway,  but  it  is  our 
opinion  that  the  affected  zones  would  be  small  enough  for  the  sewer  structure 
to  span  them  without  extraordinary  design  measures. 

D3.5    Structure  Transition  Zones 

Significant  bending  moments  can  be  generated  during  strong  shaking  at 
sharp  bends  in  the  tunnel.  Tunnel  bends  should  be  gradual  if  possible  and 
provided  with  extra  ductility.  Similary  junction  structures  and  abrupt 
changes  in  section  geometry  may  also  be  critical  areas  for  seismic  resistant 
design. 

The  following  Plates  are  attached  to  and  complete  Appendix  D: 

Plate  D-l  Seismic  Source  Model  Used  for 

Risk  Analysis 

Plate  D-2  Recurrence  Curve 

Plate  D-3A  Attenuation  Relationship  for 

Firm  Soil  Sites 

Plate  D-3B  Attenuation  Relationship  for 

Rock/Very  Stiff  Soil  Sites 

Plate  D-4  Summary  of  Stress-Controlled 

Liquefaction  Tests  on  Dune 
Sand 

Plates  D-5A  through  D-9B  Results  of  Cyclic  Triaxial  Test 

Plate  D-10  Methods  of  Performing  Cyclic 

Triaxial  Tests 

Plate  D-ll  Residual  Strength  of  Stress- 

Controlled  Cyclic  Triaxial 
Test  Samples 

Plate  D-12  Grain  Size  Distributions 

Plate  D-13  Representative  Profile  for  Soil 

Column  Response  Analysis 
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PLATE  D-4 


CCSF   0185-131-03  BORING  24  SAMPLE  5  AT   20  FEET 

._.  SJRESS_-C0.NJR0LLED_L1QUEEACT10N  TEST   ON  3R0WN  FINE  SAND 


21    NOV  7i 


SAMPLE  HEIGHT 

-SAMPLE-  DIAMETEB  

INITIAL   DRY  DENSITY 
MOISTURE  CONTENT 

-SATURATED  

DRY  DENSITY  AFTER  CONSOL 
MOISTURE  CONTENT 

SIGJ  

SIG3 
KC 

-S1GMEAN  


CYCI  F 

PDRF 

PWP/ 

CYCLIC 

..SHEAR 

STRESS 

TAU/ 

AXJAL 

STRAIN 

NO. 

PORE 

SIG3 

COMP 

TENS 

CUM  AVE 

SIGMEAN 

P-P 

MEAN 

(PSF) 

(PSF) 

(PERCENT) 

1 

333. 

.17 

583. 

-551 . 

567. 

.28 

.32 

-.12 

2 

666. 

.33 

583. 

-545. 

565. 

.28 

.40 

-.  16 

3 

883. 

.44 

583. 

-545. 

565. 

.28 

.48 

..-.20_ 

4 

1166. 

.58 

583. 

-545. 

565. 

.28 

.88 

-.40 

5 

1499. 

.75 

583. 

-545. 

564. 

.28 

1.6] 

-.76 

6 

1749. 

.87 

592. 

-539. 

565. 

.28 

£.69 

-.98 

7 

1966. 

.98 

608. 

-539. 

566. 

.28 

5.18 

-1.83 

8 

1999. 

1 

.00 

624. 

-491  . 

565. 

.28 

8.03 

-2. 45 

9 

1999. 

1 

.00 

608. 

-390. 

558. 

.28 

10.56 

-3.07 

10 

1999. 

1 

.00 

539. 

-253. 

541  . 

.27 

]  2.84 

-2.81 

RESULTS  OF  CYCLIC  TRIAXIAL  TEST 
BORING  24,  SAMPLE  5  AT  20  FEET 
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RESULTS  OF  CYCLIC  TRIAXIAL  TEST 
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PLATE  D-5B 


16  NOV  76 

CCSF   0185-131-03  BORING  5   SAMPLE   2B  AT    19.6  FEET 

C  T  i_>  C  C  C 

CONTROLLED  LIQUEFACTION  ON  BROWN  SAND    (DUNE)    VERY  DRY 

SAMPLE  HEIGHT  = 

5.07  IN 

SAMPLE  DIAMETER 

2.41  IN 

INITIAL  DRY  DENSITY  = 

98.7  PCF 

MOISTURE  CONTENT  = 

.6  PERCENT 

SATURATED  = 

YES 

DRY   DENSITY   AFTER  CONSOL= 

100.2  PCF 

MOISTURE  CONTENT  = 

24.0  PERCENT 

SIG1 

2000.  PSF 

SIG3 

2000.  PSF 

KC 

1  .00 

SIGMEAN 

2000.  PSF 

CYCLE 

PORE         PWP/           CYCLIC  SHEAR 

-STRESS            T  AU/          AXIAL  STRAIN 

NO. 

PORE         SIG3         COMP  TENS 

CUM   AVE      SIGMEAN  P-P 

MEAN 

(PSF)  (PSF) 

(PERCENT ) 

1 

167.          .08           511.  -488. 

500.           .25  .12 

-.02 

2 

500.          .25           511.  -4b8. 

500.           .25  .28 

-.06 

3 

750.         .37           511.  -479. 

498.           .25  .52 

-.14 

4 

1133.         .57           511.  -457. 

494.           .25  1.07 

-.38 

5 

1499.         .75           511.  -463. 

493.           .25  2.50 

-.93 

6 

1633.         .92           527.  -463. 

493.           .25  4.64 

-1  .65 

7 

1966.         .98           543.  -441. 

493.           .25  7.14 

-2.38 

8 

1999.       1.00           527.  -367. 

487.           .24  9.51 

-2.97 

9 

1999.        1.00           485.  -271. 

475.             .24  11.14 

-3.15 

10 

1999.        1.00           415.  -192. 

456.           .23  12.29 

-2.97 

RESULTS  OF  CYCLIC 

TRIAXIAL  TEST 

BORING  5,  SAMPLE  2B  AT  19.6  FEET 
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Eicrexx— -Controlled   Cyclic  Trfaxial  Test 

RESULTS  OF  CYCLIC  TRI AXIAL  TEST 
BORING  5  SAMPLE  2B  at  19.6  feet 


PLATE  D-6B 


CCSF   0185-131-03  BORING   14   SAMPLE   1    AT   21.4  FEET 

 SJJiESS_C.O^IROLLED...LIQUE£_ACIION_.TEST.._0_N_BPOwN  FINE  SAND 


21   NOV  7 


SAMPLE  HEIGHT 
_£AMP_L  ELJJ1AMEIE R_ 


5.08  IN 
.2.A0_IN 


INITIAL  DRY  DENSITY 
MOISTURE  CONTENT 
-SATURATE  D  


DRY  DENSITY  AFTER  CONSOL= 
MOISTURE  CONTENT  = 

_S±GJ  = 


SIG3 
KC 

S I GMF  an 


96.9 
16.2 

23.9 

_20  0_Q.  

2000. 

1.00 
_2J>_QJL.  


PCF 

PERCENT 
PCF 

PERCENT 

PSF  

PSF 

_PS£  


_YES_ 


CYCI  F 

PORF 

PWP/ 

CYCI  TC  SHEAR 

STRESS 

TAU/ 

 AJQAL 

STRAIN 

NO. 

PORE 

SIG3 

COMP 

TENS 

CUM  AVE 

SIGMEAN 

P-P 

MEAN 

(PSF) 

(PSF) 

(PERCENT) 

1 

17. 

.01 

328. 

-316. 

322. 

.16 

.04 

-.02 

5 

191. 

.10 

328. 

-316. 

322. 

.16 

.04 

-.02 

1  0 

??fi- 

.  1 1 

328. 

-316. 

3??. 

 .  L6  

 .4)8 

__-.o- 

20 

348. 

.17 

328. 

-316. 

322. 

.16 

.12 

-.06 

30 

400. 

.20 

328. 

-316. 

322. 

.16 

.16 

-.08 

40 

574. 

.29 

328. 

-316. 

322. 

.16 

-.20 

'-10 

50 

748. 

.37 

328. 

-316. 

322. 

.16 

.24 

-.12 

55 

870. 

.43 

326. 

-316. 

322. 

.16 

.28 

-.14 

60 

1044. 

.52 

328. 

-316. 

322. 

.16 

.24 

65 

1426. 

.71 

328. 

-306. 

322. 

.16 

.59 

-.49 

66 

1583. 

.79 

328. 

-303. 

321. 

.16 

1.11 

-.63 

67 

1740. 

.87 

338. 

-299. 

321  . 

.16 

1.97 

-.99 

68 

1913. 

.96 

348. 

-296. 

321  . 

.16 

3.36 

-1  .28 

69 

1983. 

.99 

354. 

-290. 

321 . 

.16 

5.41 

-1  .72 

70 

2000. 

1  .00 

357. 

-232. 

321  . 

.16 

7.62 

-1*31 

71 

2000. 

1.00 

332. 

-161 . 

320. 

.16 

9.44 

-1  .99 

72 

2000. 

1  .00 

290. 

-93. 

318. 

.16 

1  0.38 

-1  .72 

73 

2000. 

1  .00 

232. 

-56. 

316. 

.16 

10.66 

-.99 

74 

2000. 

1.00 

193. 

-39. 

313. 

.16 

1  0.78 

-.22 

RESULTS  OF  CYCLIC  TRIAXIAL  TEST 
BORING  14,  SAMPLE  I  AT  21.4  FEET 
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PLATE  D-7B 


21   NOV  78 

CCSF   0185-131-03  BORING   14   SAMPLE   1   AT  21.4  FEET    INCREASE  GAIN  BY  HAND 
 SJfiESS  XO.NTtfOLLED__L.lOUEFACJJ.DN  ON  BkOWN  FINE  -SAND-RERUN  ♦  nl  GHER  STRESS 


SAMPLE  HEIGHT 
_  SAMPLE. -D J  AMEJEfi  

INITIAL  "DRY  DENSITY 

MOISTURE  CONTENT 
..SAJiifiAJEQ  

DRY  DENSITY   AFTER  CONSOL 

MOISTUkE  CONTENT 
_S1GJ  

SIG3 

KC 

_S1_GJ4E_AN  


CYCI  F 

PORF 

PWP/ 

CYCI  IC  SHEAR 

STRESS 

TAJJ/ 

 AXIAL 

STRAIN.. 

NO. 

PORE 

SIG3 

COMP 

TENS 

CUM  AVE 

SIGMEAN 

P-P 

MEAN 

(PSF) 

(PSF) 

(PERCENT) 

1 

735. 

.37 

325. 

-470. 

398. 

.20 

.87 

-.39 

2 

1598. 

.80 

325. 

-486. 

402. 

.20 

1  .97 

-.51 

3 

1902. 

.95 

332. 

-493. 

405. 

.20 

3.12 

_-.45_ 

4 

1934. 

.97 

346. 

-499. 

410. 

.20 

3.95 

-.43 

5 

1950. 

.98 

354. 

-509. 

414. 

.21 

4.70 

-.45 

6 

1950. 

.98 

3.6JL._ 

t515. 

4JL8_, 

.21 

5.25 

-.53  . 

10 

1950. 

.98 

386. 

-509. 

430. 

.21 

7.50 

-.59 

14 

1982. 

.99 

386. 

-483. 

431 . 

.22 

9.20 

-.61 

15 

1998. 

1.00 

386. 

-483. 

 431..  

.22__ 

9.J.1_ 

-.67 

16 

1998. 

1.00 

364. 

-489. 

431  . 

.22 

10.50 

-.99 

20 

1998. 

1.00 

322. 

-493. 

426. 

.21 

11.92 

-2.84 

RESULTS  OF  CYCLIC  TRIAXIAL  TEST 
BORING  14,  SAMPLE  I  AT  21.4  FEET 


PLATE  D-8A 
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RESULTS  OF  CYCLIC  TRIAXIAL  TEST 
BORING  m   SAMPLE  1  at  21.4  feet  -  RERUN 


PLATE  D-8B 


CCSF   0185-131-03  BORING  S  SAMPLE   9  AT    19.5  FEET 

STRESS  CONTROLLED  LIQUEFACTION  ON  BROWN  SAND  (DUNE) 


16  NOV  78 


SAMPLE  HEIGHT 
SAMPLE  DIAMETER 
INITIAL   DRY  DENSITY 
MOISTURE  CONTENT 
SATURATED 

DRY  DENSITY   AFTER  CONSOL= 

MOISTURE  CONTENT 

SIG1 

SIG3 

KC 

SIGMEAN 


5.07  IN 

2.40  IN 

96.5  PCF 

8.0  PERCENT 


YES 


97.6 
26.4 

2000. 

2000. 
1.00 

2000. 


PCF 

PERCENT 

PSF 

PSF 

PSF 


CYCLE         PORE  PWP/ 
NO.  PORE  SIG3 

(PSF) 


1 

156. 

.08 

2 

453. 

.23 

3 

609. 

.30 

4 

766. 

.38 

5 

937. 

.47 

6 

1141. 

.57 

7 

1406. 

.70 

8 

1609. 

.80 

9 

1797. 

.90 

10 

1906. 

.95 

11 

1953. 

.98 

12 

2000. 

1 .00 

13 

2000. 

1 .00 

14 

2000. 

1.00 

15 

2000. 

1  .00 

16 

2000. 

1.00 

17 

2000. 

1  .00 

18 

2000. 

1  .00 

19 

2000. 

1.00 

20 

2000. 

1  .00 

CYCLIC  SHEAR-STRESS 
COMP         TENS     CUM  AVE 
(PSF) 


487. 

-513. 

500. 

487. 

-513. 

500. 

487. 

-513. 

500. 

487. 

-506. 

499. 

487. 

-494. 

497. 

487. 

-481  . 

495. 

487. 

-474. 

493. 

487. 

-455. 

490. 

487. 

-436. 

487. 

487. 

-417. 

484. 

461  . 

-385. 

479. 

449. 

-336. 

472. 

401  . 

-288. 

462. 

356. 

-250. 

451 . 

320. 

-199. 

438. 

266. 

-170. 

424. 

250. 

-154. 

411. 

224. 

-128. 

398. 

192. 

-115. 

385. 

176. 

-103. 

373. 

TAU/  AXIAL  STRAIN 
SIGMEAN  P-P  MEAN 

(PERCENT) 


.25 

.08 

.00 

.25 

.20 

-.02 

.25 

.28 

-.06 

.25 

.40 

-.12 

.25 

.48 

-.16 

.25 

.55 

-.16 

.25 

1 .27 

-.48 

.25 

2.14 

-.71 

.24 

3.29 

-1 .05 

.24 

4.48 

-1 .33 

.24 

5.62 

-1  .58 

.24 

6.73 

-1  .78 

.23 

7.52 

-1  .98 

.23 

8.32 

-2.18 

.22 

8.51 

-2.08 

.21 

8.71 

-1  .96 

.21 

9.03 

-1  .82 

.20 

9.19 

-1  .7<* 

.19 

9.23 

-1  .64 

.19 

9.15 

-1.49 

RESULTS  OF  CYCLIC  TRIAXIAL  TEST 
BORING  8,  SAMPLE  9  AT  19.5  FEET 
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RESULTS  OF  CYCLIC  TRIAXIAL  TEST 
BORING  8   SAMPLE  9  at  19.5  feet 


PLATE  D-  9  B 


RESIDUAL  STRENGTH  OF  STRESS  -  CONTROLLED  CYCLIC 

TRIAXIAL  TEST  SAMPLES 
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